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The  relationship  among  the  volumes  of  the  report  is  depicted  below. 
This  relationship  does  not  convey  all  the  information  contained  within  each 
volume . 
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SUMMARY  OF  WMS  INSTALLATION  COSTS 


Vessel:  VIGOROUS  (210') 


/p*/ TYPE 

Varans''  Treatment/Disposal 
/§//  Subsys  / Subsystem 

'&//  (Black)  / Black  I Gra 


/Holding//  INSTAL- 
~gapacity  LATION 

fc/sJ  COST 

(S) / 


Holding 

Tank 


Chrysler  Holding 
+ HldTnk  Tank 


Holding 
Tank . 


Holding 

Tank 


Grumman  Flow  Thru 
+ Holding  Tank 


Holding  GrumFlow 

Tank  Thru  + HldTnk 


Holding 

Tank 


Grumman  Flow  Thru 
+ incinerator 


Holding  Holding 
Tank  Tank 


Holding 

Tank 


GATX  Holding 
Evap.  Tank 


Holding 

Tank 


Incinerator 


Incinerator 


Grum  Flow 
Thru  + Incin. 


Holding  Holding 
Tank  Tank 


incinerator  Holdin^ 
Tank 


GATX  Holding 
Evap.  Tank 


Holding  Grum  Flow 
Tank  Thru+HldTnk 


Grum  Flow 


Incinerator 


Thru  + Incin. 


N/A  - Not  a viable  candidate  system  for  this  vessel. 
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INTRODUCTION 


OBJECTIVES 

The  objectives  of  the  installation  analysis  are  as  follows: 

. Development  of  pertinent  vessel  information  necessary  for  the 
cost  and  effectiveness  analyses,  Including  the  following: 

..  Existing  physical  conditions  aboard  the  vessel,  especially 
in  compartments  where  wastewater  management  system 
equipments  may  be  Installed. 

. . Existing  wastewater  management  equipments/systems  aboard 
the  vessel  (holding  tanks,  garbage  grinders,  sewage  treat- 
ment systems,  etc.). 

. . Location  of  black  and  gray  wastewater  sources  aboard  the 
vessel. 

. . Vessel  resource  capacities  and  estimated  usage  rates  (prior 
to  system  installation). 

. Selection  of  the  viable  candidate  systems  as  determined  on  the 
basis  of  the  feasibility  of  installation,  using  the  governing 
installation  guidelines  and  assumptions. 

, Determination  of  the  bluck/gray  wastewater  (or  sludge)  holding 
tank  capacities  which  can  be  fitted. 

. Development  of  installation  cost  estimates  for  each  viable 
candidate  system. 

. Development  of  drawings  showing  the  proposed  arrangement 

of  the  wastewater  management  system  equipments  for  each  viable 
candidate  as  well  as  the  arrangement  of  the  black  and  gray 
wastewater  sources  on  board  the  vessel. 

Development  of  installation  related  effectiveness  attribute  data. 


ASSUMPTIONS 


The  pertinent  assumptions  and  guidelines  governing  the  installation 
analysis  are  presented  in  Volume  IV  of  this  report,  along  with  the  details 
of  each  of  the  18  candidate  wastewater  management  system  concepts  in 
configurations  suitable  for  each  vessel  included  in  this  study. 

APPROACH 

The  installation  analysis  was  performed  in  three  stages  consisting 
of  a preliminary  installation  analysis,  a shlpcheck  to  establish  viable 
system/vessel  combinations,  and  an  installation  cost  analysis  all  of  which 
are  discussed  below.  Prior  to  this  analysis,  visits  were  made  to  a number 
of  vessels  to  Inspect  Installations  of  the  wastewater  management  subsys- 
tems and  equipments  Included  in  this  study. 

Preliminary  Installation  Analysis 

The  candidate  ship's  general  arrangement  drawings  and  piping 
diagrams  as  furnished  by  the  U.S.  Coast  Guard  were  reviewed  at  length  to 
determine  existing  conditions  so  that  the  WMS  requirements  delineated  in 
Volume  IV  could  be  applied  to  the  vessel  and  a preliminary  installation 
analysis  made  prior  to  an  actual  visit  to  the  ship.  This  approach  was 
intended  to  maximize  familiarity  with  the  vessel  and  to  determine  any  pos- 
sible questionable  areas  of  interest.  Each  system  was  investigated  as 
to  space  requirements,  possible  equipment  locations,  relationship  to  ship's 
functions  (operation,  mission,  fuel  stowage,  water  capacity,  support 
systems,  etc.)  and  its  relationship  to  the  reportedly  existing  waste  disposal 
system. 

In  order  to  obtain  as  accurate  a picture  as  possible,  arrangement 
drawings  to  scale  were  made  from  the  ship's  plans  of  the  possible  installa- 
tion spaces  and  "dummy  cut-outs"  of  WMS  equipment  (also  to  scale)  were 
used  to  determine  if  a proposed  arrangement  was  feasible  and  if  any  problems 
could  be  anticipated.  The  results  of  the  preliminary  installation  analysis 
are  presented  in  Appendix  A . 

Shlpchecks  To  Determine  Viable  Candidate  Systems 

Upon  completion  of  the  preliminary  installation  analysis,  a detailed 
shipcheck  of  the  vessel  was  made.  During  this  visit  various  factors  bearing 
on  the  investigation  were  considered,  e.g.,  support  systems  (compressed 
air,  sanitary  flushing  medium,  electrical  power  generation,  salt  water 
systems,  fresh  water  systems,  fuel  oil  systems,  etc.),  correlation  between 
actual  ship  arrangement  and  that  shown  in  ship's  drawings  furnished  for  the 
study,  relationship  of  other  ship's  systems  and  equipment  to  the  location 
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and  ir-*^ nation  of  WMS  components  to  determine  Interferences  and  reloca- 
tions, ircass  for  shipping  WMS  equipment  aboard,  removals,  relocations, 
etc.  The  drawings  prepared  during  the  preliminary  installation  study  were 
checked  out  and  modified  to  reflect  actual  shipboard  conditions. 

The  discussion  of  the  shipcheck  results  presents  a verbal  picture  of 
what  conditions  actually  exist  aboard  the  vessel  and  how  these  conditions 
affect  the  viability  determination  of  each  wastewater  management  system. 

The  Installation  acceptance  or  rejection  rationale  for  each  candidate  WMS 
is  presented,  complete  with  estimated  tank  sizes,  equipment  locations, 
possible  space  modifications,  relocations,  limitations,  exclusions,  and 
any  other  such  considerations  as  may  be  necessary  to  obtain  a lucid 
understanding  of  the  situation. 

Vessel  resource  capacities  (including  the  source  of  fresh  water)  and 
estimates  of  usage  rates  (prior  to  WMS  installation)  were  obtained  from 
interviews  with  cognizant  officers.  The  locations  of  all  black  water  (sewage 
and  garbage  grinder  slurry)  and  gray  water  (galley  and  turbid)  waste 
sources  were  determined. 

The  shipcheck  also  provided  the  necessary  information  to  determine 
the  capacities  (in  gallons)  of  required  black  and  gray  wastewater  (or  sludge) 
holding  tanks  (not  part  of  manufactuier  supplied  wastewater  treatment 
equipment)  which  can  be  accommodated,  as  well  as  their  configurations 
(heights).  This  information  was  used  to  determine  the  black  and  gray  waste- 
water  holding  capacities  of  each  viable  candidate  system  (expressed  as 
a percentage  of  the  required  holding  time).  These  results  are  presented 
on  the  WMS  Equipment  Requirements  form  together  with  the  other  equipment 
types  and  quantities  required  in  order  to  synthesize  each  viable  candidate 
system  on  the  vessel.  This  WMS  Equipment  Requirements  form  served  as 
the  starting  point  for  the  cost  and  effectiveness  assessments  of  each  viable 
candidate  system. 

Installation  Cost  Analysis 

The  following  were  generated  as  part  of  the  installation  cost  analysis: 

. WMS  equipment  arrangement  drawings  for  each  viable  candidate 
system  and  arrangement  drawings  for  the  black  and  gray  waste- 
water  sources  aboard  the  vessel. 

. Installation  related  effectiveness  attribute  data. 


Installation  cost  estimates  for  each  viable  candidate  system. 


The  starting  point  for  the  installation  cost  estimates  was  the  condition 
of  the  vessel  at  the  time  of  the  shipcheck  inspection.  Each  viable  candidate 
system  installation  was  then  analyzed  in  terms  of  a fixed  set  of  installation 
cost  elements.  The  Installation  Cost  Estimate  Form  shown  in  Figure  1 was 
used  to  record  the  estimated  requirements  for  each  cost  element  and  the 
associated  cost  was  computed.  Each  installation  cost  element  in  Figure  1 
is  discussed  below. 

(a)  Piping  - Wherever  possible  and  applicable,  existing  piping  runs 
were  retained  for  reuse  as  installed.  Pertinent  information  contained  in  the 
available  ship's  piping  plans  was  used  insofar  as  practicable.  New  piping 
runs  were  estimated  from  these  drawings  and  the  system  equipment  arrange- 
ment drawing  prepared. 

For  estimatlncr  purposes  of  this  nature,  it  is  usual  marine  practice 
to  use  a dollars  per  pound  of  material  to  be  installed.  Therefore,  an 
estimated  present-day  price,  Including  material  and  labor  to  install,  was 
placed  at  $4. 5 0/lb. 

For  the  sake  of  uniformity  and  simplification  since  the  WMS 
evaluations  are  comparative,  the  piping  material  used  is  copper- nickel. 

It  is  recognized  that  most  waste  disposal  piping  systems  under  considera- 
tion in  the  U.S . Coast  Guard  vessels  are  of  copper- nickel,  although  some 
PVC  (plastic)  piping  and  a small  amount  of  steel  is  used.  Since  the 
established  guidelines  call  for  the  principal  piping  (drainage)  to  be  of 
copper- nickel  it  was  considered  that  for  the  relatively  small  additional 
piping,  such  as  vents,. the  use  of  copper-nickel  for  all  piping  components 
would  not  adversely  influence  the  overall  results.  Accordingly,  the  amounts 
of  each  9i2e  piping  were  estimated  and  a factor  of  50%  added  to  allow  for 
valves,  flanges,  fittings,  take-down  joints,  etc. 

(b)  Steel  - For  this  part  of  the  cost  estimata  only  the  steel  involved 
in  the  various  shipyard  supplied  tanks  is  considered.  Foundations  are  a 
separately  treated  item.  For  these  tanks  it  was  considered  that  one-quarter 
inch  plate  would  be  a good  average  thickness.  Since  the  tanks  would  have 
to  be  structurally  stiffened  for  proper  support,  a factor  of  30%  was  added 

to  the  plate  weight.  The  weight  estimate  was  derived  from  the  system 
guideline  size  requirements  translated  into  configurations  as  shown  on  the 
equipment  location  and  arrangement  drawings. 

For  cost  estimating  of  this  nature,  it  is  usual  to  apply  a cost  per 
pound  figure.  It  was  considered  that  a good  current  price  of  $0. 55/lb. 
would  cover  material  and  labor  for  fabrication  and  piecing  on  board.  This 
does  not  include  the  cost  of  fixing  the  tanks  permanently  in  place  by  welding. 
This  is  a separate  consideration. 
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WMS  INSTALLATION  COST  ESTIMATES 


Vessel 


WMS  No. 


Installation 

Cost  Element 

Unit 

Assumed  Unit  Cost 

Quantity  Required 
(estimated 
number  of  units) 

Cost  ($) 

Piping*1 2 3 4) 

Pounds 

$ 4. 50/Lb. 

(Materials  and  Labor) 

" <4> 

Tank  Steel<3) 

Pounds 

$ e55/Lbe 
(Materials  and  Labor) 

Foundations 

Pounds 

$ .92/Lb. 

(Materials  and  Labor) 

(8) 

Electric 

Cables 

Feet 

$ 2.00/Ft. 

(Materials  and  Labor) 

Miscellaneous 
Installations  (pumps, 
motors,  skid- mounted 
components,  etc.) 

Man- 

Hours 

$15 .00/MH 
(Labor) 

Access  Cuts  (in  hull, 
deck  plating  or 
bulkhead  to  provide 
passageway) 

Feet 

$ 1.00/Ft. 

(Labor) 

Welding 

Feat 

$ 6.00/Ft. 

(Materials  and  Labor) 

Cfl 

rH 

Cutting 

Hours 

$5  0.00/Hr.  (6) 

(Labor) 

1 

e 

oc 

Other 

(miscellaneous 

handling) 

Man- 

Hours 

$15. 00/MH 
(Labor) 

Total  Installation  Cost  ($) 

(1)  Coppcr-niokel  tousiad. 

(2)  Esdmatc  Include*  * factor  of  60%  tddtd  to  sllow  for  v»lv«i,  flangu,  Acting,  taka-down  Jointi,  an. 

(3)  Qna-duartar  Inch  plate  urimed. 

(4)  Estimate  Include*  a factor  of  30%  added  to  allow  for  required  ittuctural  rtffenlng  for  proper  tupport. 
(8)  Ettlmated  on  the  baiLi  of  10%  of  the  weight  which  haa  to  be  rupported. 

(8^  Bared  on  an  aonmed  cutting  rata  of  SO  ft.  /hr. 

Figure  1 

INSTALLATION  COST  ESTIMATE  FORM 
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(c)  Foundations  - Supporting  steel  structure  for  all  components 
of  each  WMS  (tanks,  pumps,  MSD,  incinerators,  etc.)  was  estimated  as 
approximately  10%  of  the  weight  which  has  to  be  carried.  This  is  a usual 
rule  of  thumb  for  this  type  of  installation.  Fabrication  and  installation 
costs  for  material  and  labor  were  taken  as  $0. 92/lb.  based  on  consideration 
of  today's  average  costs.  The  weights  were  estimated  from  the  tank  con- 
figurations and  contents  as  wall  as  the  component  weights  given  in  Volume  IV. 

(d)  Electrical  Power  Cable  - The  amount  of  footage  was  estimated 
from  the  ship's  arrangement  plans  and  the  WMS  equipment  arrangement 
drawings  prepared,  with  allowances  for  the  devious  routings  which  could 
be  encountered.  Since  ship  alteration  work  is  usually  more  complex  than 
new  construction,  allowance  as  made  for  less  installation  per  unit  time. 
Therefore  a cost  of  approximately  $2. 00/ft.  of  cable  was  used  to  cover 
material  and  labor. 

(6)  Miscellaneous  Installations  - To  cover  the  installation  of  various 
items  such  os  pumps,  motors,  skid-mounted  components,  etc.  where  the 
activity  centers  principally  around  alignments  and  bolting  in  place,  an 
estimate  was  made  of  the  amount  of  time  it  would  take  to  perform  the  tasks 
for  each  system  installation,  since  the  number  and  type  of  components 
varies.  An  estimated  shipyard  labor  cost  of  approximately  $15  per  man- 
hour (MH)  was  considered  representative. 

(f)  Access  Cuts  - In  o»der  to  get  material  and  components  into  the 
compartments  where  they  would  be  fitted  it  could  become  necessary  to 
temporarily  cut  the  ship's  hull,  or  deck  plating  or  a bulkhead  to  provide 
passageway.  The  number  of  feet  of  cutting  was  estimated  for  each  system 
installation  based  on  the  approximate  size  of  the  largest  component  anticipated. 
Estimated  shipyard  cost  for  such  cutting  is  approximately  $1. 00/ft, 

(g)  Welding  - This  consideration  includes  securing  tanks  and  non- 
bolted  items  and  welding  back  any  plating  temporarily  cut  to  provide  access. 

An  estimate  of  the  number  of  feet  of  welding  was  made  for  each  item  in 
each  system  and  a cost  factor  of  $6. 00/ft  was  considered  satisfactory  to 
cover  material  and  labor. 

(h)  Removals  - In  cases  where  some  existing  equipment  would  hove 
to  be  cut  and  removed  from  the  vessel  as  no  longer  required,  an  estimate 
was  made  as  to  the  approximate  length  of  time  it  would  take  a team  of  two 
men  to  accomplish  certain  tasks.  Estimated  factors  of  $50/bour  for  cutting 
(based  on  an  estimated  cutting  note  of  50  ft/hour)  and  $15/man-hour  (MH)  for 
miscellaneous  handling  labor  were  considered  representative  of  such  costs. 
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(i)  Other  Considerations  - The  installation  cost  estimates  do  not 
include  some  shipyard  costs  which  yards  to  include  as  a matter  of  quotation 
to  perform  a certain  ship  modification.  Such  intangibles  would  include: 
cleaning  and  gas-freeing  tanks,  temporary  removals  or  modifications  to 
ducts,  piping,  electric  cables,  machinery,  ship's  outfit  or  furnishings, 
etc.  and  re-installation  to  existing  state  after  the  basic  modification  has 
been  completed;  cleaning,  preparing  and  repainting  the  compartments  and 
parts  of  the  steel  work  distrubed,  use  of  special  rigging  and  shipyard 
lifting  gear;  and  other  work  items  which  are  part  of  a hipyard's  everyday 
business  and  which  are  normal  for  them  to  price  out. 

If  a complete  ship  alteration  pttco  is  desired,  it  would  Involve  draw- 
ing up  a complete  set  of  specification  and  drawings  in  sufficient  detail  for 
a shipyard's  estimating  department  to  analyze  at  length.  If  possible,  yard 
personnel  would  prefer  to  visit  the  vessel  for  a more  accurate  cost  estimate  to 
eliminate  or  minimize  costs  which  it  could  possibly  have  to  absorb. 

One  of  the  most  difficult  factors  to  aonsider  and  which  is  not  obvious 
but  which  is  very  much  a determinant  is  the  shipyard's  workload  or  backlog. 

If  there  la  a convenient  "hole"  in  the  yard's  work  schedule,  the  price  could 
be  made  attractive  since  it  would  provide  needed  economic  continuity  for 
its  work  force  and  facilities.  Certainly  if  there  is  little  or  no  other  work 
in  the  offing,  the  yard  will  be  inclined  to  "buy"  the  job  by  bidding  lower  than 
it  normally  would. 

Thus  it  can  be  seen  that  there  will  be  additional  costs  to  those 
detailed  herein,  if  one  is  interested  in  a "finished  product"  price  than  a 
comparative  estimate, 

LIMITATIONS 

The  installation  cost  estimating  procedures  used  are  considered  to  be 
fairly  general  and  applicable  for  study  purposes  of  this  type  which  places 
greater  emphasis  on  relative  cost  among  candidate  systems  rather  than  on  the 
absolute  cost  for  a given  system.  However,  the  installation  cost  estimates 
developed  herein  are  based  on  specific  vessel  conditions,  wastewater 
management  Bystem  requirements  and  the  governing  installation  guidelines 
and  assumptions.  Therefore,  caution  is  advised  in  attempting  to  use  these 
estimates  directly  for  vessels  and/or  systems  other  than  those  specifically 
Included  in  this  study. 
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Vessel 

Characteristic 


Class 


Type 

Crew  Size 


Home  Port 
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INFORMATION 


OUS  (210') 


Data 


WHEC  - 627 
Resolute  (210*)  B Class 


Medium  Endurance  Cutter 


60 


New  London,  Conneotlout 


SHIPCHECK  OBSERVATIONS  OF  EXISTING  VESSEL  CONDITIONS 


VIGOROUS  (210  ) 


Crew  60  Men 
Waste  Sources 


Complete  Information  on  the  sewage  and  gray  water  waste  sources 
Is  contained  In  the  tabulation  sheets  forming  a part  of  these  Introductory 
remarks. 

Existing  Arrangement 

The  vessel  is  fitted  with  a salt  water  sanitary  flushing  system 
via  two  (2)  pumps  (but  no  hydropneumatic  tank). 

The  fresh  water  system  Is  served  by  two  (2)  pumps  with  a 
hydropneumadc  tank. 

Compressed  air  Is  furnished  via  three  (3)  separate  systems 
with  their  own  tanks  (ship's  service,  diesel  starting,  and  control  air). 

As  fuel  Is  consumed,  the  tanks  when  emptied  are  then  filled 
with  sea  water  ballast  as  required.  There  are  no  other  means  for  ballasting 
or  weight  compensation. 

The  vessel  Is  fitted  with  separate  drainage  systems,  one  for 
sewage  and  one  for  galley  and  turbid.  The  system  drains  from  the  various 
spaces  axe  combined  with  similar  drains  from  other  spaces  where  possible, 
forming  small  mains  which,  In  turn,  combine  and  eventually  enter  the  Sewage 
Treatment  Space  (3-84-0-Q)  on  the  Third  Deck.  This  space  contains  a Galley 
and  TUrbid  tank  of  approximately  100  gallons  capacity  and  a Sewage  Thnk  of 
approximately  680  gallons. 

The  sewage  mains  enter  the  sewage  tank  and  the  galley /turbid 
mains  enter  the  galley  and  turbid  tank  but  a valved  crossover  permits  gray  water 
to  be  routed  to  the  sewage  tank  if  necessary,  There  Is  no  gravitational  system 
.overboard.  Drains  collected  in  these  tanks  are  pumped  overboard  and  to 
pierslde  via  special  connections  in  the  weather,  port  and  starboard. 
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Special  Remarks 


There  appear  to  be  some  spaces  which  are  otherwise  utilized 
at  present  but  which  are  identified  for  future  assignments  (armament,  navigation, 
etc, ) necessary  for  the  vessel's  operation  profile.  These  are  not  considered 
available  for  purposes  of  this  investigation.  There  were  no  other  spaces  found 
suitable  for  any  parts  of  the  various  system  Installations. 

There  is  no  ship's  stack,  since  engine  exhausts  are  routed  aft 
through  the  stern.  Therefore,  running  incinerator  stacks  will  require  particular 
investigation.  The  solutions  are  not  immediately  apparent  and  would  require 
additional  study  and  approval  before  the  specific  waste  management  systems 
Involved  would  be  considered  viable  unconditionally.  Illustrative  of  the  complexity 
of  a possible  consideration  is  to  run  the  stack  into  the  1C  & Gyro  Room,  up 
through  the  linen  looker  and  closet  on  the  next  deck,  then  up  through  one  end 
of  the  Word  Room  on  the  Main  Deck,  up  through  a corner  of  a Stateroom  on  the  01 
Deck,  up  through  the  Naval  Stores  Closet  on  the  02  Deck  and  up  to  the  weather 
on  the  Bridge  Deck  to  port  of  the  mast.  The  min  would  have  to  be  well  insulated 
and  sheathed  wherever  it  passes  through  a space. 
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LOCATION  OF  CRAY  WATER  WAflT!: 

Vessel:  VIGOROUS  fWHEC-  627)  • 
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LOCATION  CM'  CHAV  WATER  WASTE  SOURCES  ABOARD  A VESSEL 
Vossol:  VIGOROUS  (WHCC  - 627)  - Roeolutn  (210')  B Class 
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ARRANGEMENT  OF  BLACK  AND  GRAY  WASTEWATER  SOURCES 
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GATX  (I  us  ho  meters  . 

U)  teller  following  entered  gallonsge  denotes  tank  usage:  A = Ipfluent  Siege,  B = Wastewater  holding,  C - Sludge  holding.  D - Inteimedlate  tank  not  supplied  with  MSD. 


DISCUSSION  OF  INSTALLATION  BASED  ON  SHIPCHECKS  \ 

Vessel:  VIGOROUS  (210')  3 


WMS  No.  1 Full  Volume  Flush  Gravity  Collection/Holding  Tank  for 

Black  Water/Holding  Tank  for  Gray  Water 

Required 

Sewage  Holding  Tfcnk  5, 418  gal.  (724  cu.  ft. ) 

Galley/ TUrbid  Holding  Tank  15, 480  gal.  (2069  cu.  ft. ) 

Sewage  Holding  Tank  TWo  (2) 

Overboard  Pump 

G/T  Holding  Tfcnk  Two  (2) 

Overboard  Pump 

Discussion 

The  system  Is  a viable  candidate  subject  to  certain 

limitations. 

Equipment  would  be  arranged  in  the  existing  Sewage  Treatment 
Space  (3-84-0-Q)  on  the  Third  Deck  as  follows: 

(a)  Due  to  space  limitations  the  Sewage  Holding  Tank  would 
be  restricted  to  2, 154  gallons  (288  cu.  ft. ).  The  tank  would  be  approximately 
6'L  x 8'W  x 6'H  and  would  straddle  the  vessel's  centerline  at  the  forward  end 
of  the  compartment. 

(b)  The  galley  and  turbid  drains  cannot  gravitate  overboard 
since  the  vessel's  waterline  Is  Just  under  the  Second  Deck  level.  Therefore, 
a minimum  gray  water  holding  tank  would  be  fitted.  The  tank  would  be  150 
gallons  (20  cu.  ft. ),  approximately  2 ft.  in  diameter  by  6 ft.  high,  and  located 
aft  and  to  stbd  of  the  Sewage  Holding  Tank. 


(c)  The  Sewage  Holding  Tank  Overboard  Pumps  and  the  Gray 
Water  Holding  Tank  Overboard  Pump  would  be  located  at  the  aft  end  of  the 
compartment. 


Vessel:  VIGOROUS  (210') 


System  No.  1 (cont'd. ) 

Drainage  would  be  as  follows : 

(a)  Sewage  from  all  spaces  would  gTavltate  to  the  Sewage  Holding 
Tknk  for  discharge  overboard  and  pierside  via  the  tank's  pumps. 

(b)  Galley  and  TUrbld  water  would  gravitate  to  the  small  gray 
water  holding  tank  for  discharge  overboard  In  unrestricted  waters  and  diverted 
to  the  Sewage  Holding  ’TTank  in  restricted  waters  and  for  pierside  discharge. 
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WMS  INSTALLATION  COST  ESTIMATES 


Vessel  VIGOROUS  (210’) 


WMS  No.  1 


Installation 

Cost  Element 

Unit 

— 

Assumed  Unit  Cost 

Quantity  Required 
(estimated 
number  of  units) 

Cost  ($) 

Piping*1) 

Pounds 

$ 4.50/Lb. 

(Materials  and  Labor) 

(2) 

500 

2,250 

Tank  Steel<3) 

Pounds 

$ .55/Lb. 

(Materials  and  Labor) 

(4) 

4,010 

2,206 

Foundations 

Pounds 

$ • 9 2 /Lb  • 

(Materials  and  Labor) 

<5) 

2,410 

2,218 

Electric 

Cables 

Feet 

$ 2.00/Ft. 

(Materials  and  Labor) 

300 

600 

Miscellaneous 
Installations  (pumps, 
motors,  skid- mounted 
components,  etc.) 

Man- 

Hours 

515.00/MH 

(Labor) 

35 

525 

Access  Cuts  (in  hull, 
deck  plating  or 
bulkhead  to  provide 
passageway) 

Feet 

$ 1.00/Ft. 

(Labor) 

55 

55 

Welding 

Feat 

$ 6.00/Ft. 

(Materials  and  Labor) 

95 

570 

Removals 

Cutting 

Other 

(miscellaneous 

handling) 

Hours 

Man- 

Hours 

$50. 00/Hr.  <0) 

(Labor) 

$15 .0Q/MH 
(Labor) 

25 

35 

1,250 

525 

Total 

Install* 

itlon  Cost  ($) 

10, 199 

(1} ' Copper-i 'lckel  utumed. 

(2)  Eidmite  include*  a furor  of  50%  added  to  allow  for  valvei,  flange* , flnlngi,  take-down  Jolnte,  etc. 

(3)  One-quarter  Inch  plan  aatumod. 

(4)  Eitimate  locludea  a factor  of  30%  added  to  allow  for  required  itructural  tdffening  for  proper  support. 

(5)  Estimated  on  the  bads  of  10%  of  the  weight  which  has  to  be  supported. 

(6)  Based  on  an  assumed  cutting  rate  of  80  ft.  /hr. 
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DISCUSSION  OF  INSTALLATION  BASED  ON  SHIPCHECKS 


Vessel:  VIGOROUS  (210') 


WMS  No.  2 Full  Volume  Flush  Oil  Recirculation  and  Gravity  Collection/ 

Chrysler  System  with  Sludge  Holding  Tank  for 
Sewaga/Holding  Tank  for  Gray  Water 


Required 

Sewage  Holding  'Dank  1,  011  gal.  (135  cu.  ft. ) 

Galley /Thr  bid  Holding  'flank  15,480  gal,  (2069  cu.ft. ) 

Chrysler  Model  and  Quantity 

Option  A Option  B Option  C 

Separation  Tank  One(l)  - A/B  One(l)-A  ft  Three(3)-A 

One(l)-A/B 


Fluid  Maintenance 
and  Pump  Package 

Sewage  Holding  'flank 
Overboard  Pump 

G/T  Holding  flank 
Overboard  Pump 


One(l)-A  TWo(2)-A  Three(3)-A 
flvo(2) 

TVo(2) 


Discussion 


The  system  Is  a viable  candidate  subject  to  certain 

limitations. 


Equipment  would  be  arranged  In  the  existing  Sewage  Treatment 
Space  on  the  Third  Deck  as  follows: 

(a)  Due  to  space  limitations  the  Sewage  Holding  flank  wduld  be 
restricted  to  538  gallons  (72  cu.ft. ),  approximately  3'L  x 4'W  x 6'H,  located 
at  the  forward  stbd  end  of  the  compartment, 

(b)  The  minimum  gray  water  holding  tank  discussed  in  System  No,  1 
would  be  located  in  the  aft  stbd  comer  of  the  compartment. 

(c)  There  is  room  only  for  Chrysler  Option  A The  components 
would  be  fitted  along  the  ship's  centerline,  with  the  Separation  flrnk  aft. 

(d)  The  tank  overboard  discharge  pumps  would  be  located  aft  of 
the  Sewage  Holding  flank. 
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Vessel:  VIGOROUS  (210') 
System  No.  2 (Cont'd) 


Drainage  would  be  as  follows: 

(a)  Sewage  from  all  spaces  except  the  garbage  grinder  would 
gravitate  to  the  Chrysler  Separation  Tank. 

(b)  Garbage  grinder  drains  would  gravitate  to  the  Sewage 
Holding  Tank . 

(c)  Galley/Turbid  drains  would  gravitate  to  the  small  gray  water 
holding  tank  for  discharge  overboard  in  unrestricted  waters  and  to  the  Sewage 
Holding  Tank  or  pierside  when  overboard  discharge  is  not  permitted. 
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PROPOSED  WMS  EQUIPMENT  ARRANGEMENT 
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WMS  INSTALLATION  COST  ESTIMATES 


Vessel  VIGOROUS  (210') 


WMS  No.  2 


Installation 

Cost  Element 

Unit 

— 

Assumed  Unit  Cost 

Quantity  Required 
(estimated 
number  of  units) 

Cost  ($) 

Piping (*> 

Pounds 

$ 4, 50/Lb. 

(Materials  and  Labor) 

1,705 

(2) 

7,673 

Tank  Steel(3> 

Pounds 

$ .55/Lb. 

(Materials  and  Labor) 

1,  940 

(*) 

1,  067 

Foundations 

Pounds 

$ .92/Lb. 

(Materials  and  Labor) 

1,105 

(5) 

1,017 

Electric 

Cables 

Feet 

$ i. 00/Ft. 

(Materials  and  Labor) 

3 75 

750 

Miscellaneous 
Installations  (pumps, 
motors,  skid- mounted 
components,  etc.) 

Man- 

Hours 

$15 .00/MH 
(Labor) 

35 

525 

Access  Cuts  (in  hull, 
deck  plating  or 
bulkhead  to  provide 
passageway) 

Feet 

$ 1.00/Ft. 

(Labor) 

55 

55 

Welding 

Feet 

$ 6.00/Ft. 

(Materials  and  Labor) 

60 

360 

W 

Cutting 

Hours 

$50. 00/Hr.  <c> 

(Labor) 

25 

1,250 

1 

G 

0 

ce 

Other 

(miscellaneous 

handling) 

Man- 

Hours 

$15. 00/MH 
(Labor) 

35 

525 

Total  Installation  Cost  ($) 

13, 222 

(1)  Copper-nickal  urumcd. 

(2)  ERUnatc  include*  • factor  of  50<7<>  added  to  allow  for  valv«,  flangei,  fitting! , uke-down  joint*,  etc. 

(3)  One -quarter  Inch  plate  amrned. 

(4)  Eidmate  iaclude*  a factor  of  SOty  added  to  allow  for  required  itructural  idffening  for  proper  tupport. 

(5)  Erdmated  on  the  baaii  of  10 of  the  weight  which  hu  to  be  rupported, 

(6)  Baaed  on  an  aaaumed  cutting  rate  of  60  ft.  /hr. 
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DISCUSSION  OF  INSTALLATION  BASED  ON  SHIPCHECKS 
Vesse'.  VIGOROUS  (210') 


WMS  No.  3 Full  Volume  Flush  Oil  Recirculation  and  Gravity  Collection/ 

Chrysler  System  with  Incinerator  for 
Sewage/Holding  Tank  for  Gray  Water 


Required 


Galley/Turbid  Holding  Tank 
Sludge  Surge  Tank 
Incinerator  Model  and  Quantity 


15,480  gal.  (2069  cu.  ft.) 
One  (1)  - Model  B 
One  (1)  - Model  C 


Chrysler  Model  and  Quantity 
Separation  Tank 

Fluid  Maintenance 
and  Pump  Package 


Option  A 
One  (1)-A/B 

One  (1)  - A 


Option  B 

One  (1)*A 
One  (1)“A/B 

Two  (2) -A 


Option  C 
Three  (3) -A 

Three  (3) -A 


Sludge  Surge  Tank 
Transfer  Pump 
Overboard  Pump 


One  (1) 
One  (1) 


Galley/Turbid  Holding  Tank 

Overboard  Pump  Two  (2) 


Discussion 


The  system  is  not  a viable  candidate. 

The  Chrysler  Option  A components,  a minimum  gray  water  holding 
tank  (similar  to  System  Nos . 1 and  2),  the  Sludge  Surge  Tank  and  the  pumps 
can  be  fitted  In  the  compartment.  However,  there  is  insufficient  room  for  the 
incinerator  installation. 
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DISCUSSION  OF  INSTALLATION  BASED  ON  SHIPCHECKS 


Vessel:  VIGOROUS  (210') 

WMS  No.  4 Full  Volume  Flush  Gravity  Collection/Grumman  Flow  Through 
System  with  Sludge  Holding  Tank  for  Black  Water/ 
Holding  Tank  for  Gray  Water 


Sewage  Influent  Surge  Tank 
Galley/Turbid  Holding  Tank 
Sludge  Holding  Tank 

Grumman  Unit  without 
Incinerator 

Influent  Surge  Tank  Pump 
Influent  Surge  Tank  Overboard 
Pump 

Galley /Turbid  Holding  Tank 
Overboard  Pump 
Sludge  Holding  Tank  Transfer 
Pump 


Discussion 


Required 

313  gal.  (42  cu.  ft.) 
15,480  gal,  (2069  cu.  ft.) 
452  gal.  (60  cu,  ft.) 


One  (1) 
One  (1) 

Two  (2) 

Two  (2) 

One  (1) 


The  system  Is  not  a viable  candidate. 

Due  to  the  quantity  and  configuration  of  the  equipment  required  and 
the  piping  involved,  there  appears  to  be  insufficient  space  available  for  a 
functional  arrangement  and  for  maintenance  and  repair  in  the  existing  Sewage 
Treatment  Space  on  the  Third  Deck. 


DISCUSSION  OF  INSTALLATION  BASED  ON  SHIPCHECKS 
Vessel:  VIGOROUS  (210') 

WMS  No.  5 Full  Volume  Flush  Gravity  Collection/Grumman  Flow  Through 

System  with  Sludge  Holding  Tank  for  Combined 
Black  and  Gray  Waters 

Required 

1235  gal.  (165  cu.  ft.) 

1742  gal.  (233  cu.  ic.) 


Two  (2) 
Two  (2) 

Two  (2) 

One  (1) 


The  system  is  not  a viable  candidate. 

There  is  insufficient  space  to  include  all  the  equipment  required 
especially  due  to  the  space  requiredby  the  Grumman  MSB’s  in  the  existing 
Sewage  Treatment  Space  on  the  Third  Deck. 


Influent  Surge  Tank 
Sludge  Holding  Tank 

Grumman  Unit  without 
Incinerator 

Influent  Surge  Tank  Pump 
Influent  Surge  Tank  Overboard 
Pump 

Sludge  Holding  Tnnk  Transfer 
Pump 

Discussion 
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DISCUSSION  OF  INSTALLATION  BASED  ON  SHIPCHECKS 


Vessel:  VIGOROUS  (210') 


WMS  No.  6 Full  Volume  Flush  Gravity  Collection/Holding  Tank  for 
Black  Water/Grumman  Flow  Through  System  with 
Sludge  Holding  Tank  for  Gray  Water 

Required 


G/T  Influent  Surge  Tank 

922  gal.  (123  cu.  ft.) 

Sewage  Holding  Tank 

5,418  gal.  (724  cu,  ft.) 

Sludge  Holding  Tank 

1,290  gal.  (172  cu.  ft.) 

Optional  Combined  Sewage/ 

Sludge  Holding  Tank 

6,708  gal.  (897  cu.  ft.) 

Grumman  Unit  without 

Incinerator 

Two  (2) 

Sewage  Holding  Tank 

Overboard  Pump 

Two  (2) 

Influent  Surge  Tank  Pump 

Two  (2) 

Influent  Surge  Tank  Transfer 

Pump 

One  (1) 

Sludge  Holding  Tank  Transfer 

Pump 

One  (1) 

Discussion 

The  system  is  not  a viable  candidate. 

There  is  insufficient  space  available  in  the  existing  Sewage  Treatment 
Space  on  the  Third  Deck  for  anything  other  than  a partial  capacity  Sewage 
Holding  Tank  and  its  overboar  d/pier  side  pumps. 
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DISCUSSION  OF  INSTALLATION  RASED  ON  SHIPCHECKS 


Vessel:  VIGOROUS  (210') 


WMS  No.  7 Full  Volume  Flush  Gravity  Collectlon/Grumman  Flow  Through 
System  with  Sludge  Incinerator  for  Black  Water/Holding 
Tank  for  Gray  Water 


Galley/Turbid  Holding  Tank 
Sewage  Influent  Surge  Tank 
Fuel  Oil  Day  Tank 

Grumman  Units  with  Incinerator 
Influent  Surge  Tank  Pump 
Influent  Surge  Tank  Overboard 
Pump 

Galley/Turbid  Holding  Tank 
Overboard  Pump 


Required 

15,480  gel.  (2069  cu.  ft.) 

313  gal.  (42  cu.  ft.) 

25  gal.  (3,3  cu.  ft.) 

One  (1)  with  One  (1)  Thiokol 
One  (I) 

Two  (2) 

Two  (2) 


Discussion 

The  system  Is  not  a viable  candidate. 

There  is  insufficient  space  to  include  all  the  equipment  required, 
especially  due  to  the  space  required  by  the  Grumman  MSD  in  the  existing 
Sewage  Treatment  Space  on  the  Third  Deck. 
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DISCUSSION  OF  INSTALLATION  BASED  ON  SHIPCHECKS 
Vessel:  VIGOROUS  (210*) 


}x 


WMS  No.  8 Full  Vo'ume  Flush  Gravity  Collection/Grumman  Flow  Through 

System  with  Sludge  Incinerator  for  Combined 
Black  and  Gray  Waters 


Influent  Surge  Tank 
Fuel  Oil  Day  Tank 

Qrumman  Units  with 
Incinerators 

Influent  Surge  Tank  Pump 
Influent  Surge  Tank  Overboard 
Pump 


1,235  gal.  (165  cu.  ft.) 

25  gal.  (3.3  cu.  ft.) 

Two  (2)  with 

Two  (2)  Thiokol  Incinerators 
Two  (2) 

Two  (2) 


i 


I 


Discussion 

The  system  Is  not  a viable  candidate. 

There  is  Insufficient  space  to  include  all  the  equipment  required, 
especially  due  to  the  space  required  by  the  Grumman  MSD  s with  their 
incinerators  in  the  existing  Sewage  Treatment  Sparr  on  the  Third  Deck. 
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DISCUSSION  OF  INSTALLATION  BASED  ON  SHIPCHECKS 


Vessel:  VIGOROUS  (210') 


WMS  No.  9 JERED  Reduced  Volume  Flush  Vacuum  Collection/Holding 
Tank  for  Concentrated  Black  Water/Holding  Tank 
for  Gray  Water 


Required 


Vacuum  Collection  Tank  Ass’y 
Sewage  Holding  Tank 
Galley/Turbid  Holding  Tank 


250  gal.  (165  cu.  ft.) 
1,540  gal.  (206  cu.  ft.) 
15,480  gal.  (2069  cu.  ft.) 


Sanitary  Holding  Tank 

Overboard  Pump  Two  (2) 

Galley/Turbid  Holding 

Tank  Overboard  Pump  Two  (2) 


Dlacuaslon 


The  ayatem  is  considered  to  be~a  viable  candidate  subject 
to  certain  limitations. 

Re-use  of  existing  piping  arrangements  would  have  to  be  considered. 
A fresh  water  sanitary  flushing  system  would  be  required. 

Equipment  would  be  arranged  In  the  existing  Sewage  Treatment  Space 
on  the  Third  Deck  as  follows: 

(a)  Due  to  space  limitations  the  Sewage  Holding  Tank  would  be 
restricted  to  740  gallons  (99  cu.  ft.),  approximately  5'*6"  L x 3'  W x 6*  H, 
located  In  the  aft  end  of  the  compartment,  port  side. 

(b)  The  minimum  gray  water  holding  tank  discussed  in  System  No.  1 
would  be  located  at  the  forward  end  of  the  compartment,  port  side. 

(c)  The  vacuum  collection  tank  assembly  would  be  located  at  the 
forward  end  of  the  compartment,  starboard  side. 

(d)  The  various  overboar d/pter side  discharge  pumps  would  be 
located  at  the  aft  end  of  the  compartment,  starboard  side. 
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Vessel:  VIGOROUS  (2 10') 
System  No.  9 (Cont'd) 


Drainage  would  be  as  follows: 

(a)  Sewage  from  all  spaces  would  be  collected  by  vacuum  in  the 
vacuum  collection  tank  assembly.  The  garbage  grinder  drains  would  require 
a special  vacuum  valve  similar  to  a urinal  discharge  type  valve  to  permit 
proper  collection. 

(b)  Galley  and  Turbid  drains  would  gravitate  to  the  small  gray 
water  holding  tank  for  discharge  overboard  in  unrestricted  water  and  to 
the  Sewage  Holding  Tank  or  pierslde  when  overboard  discharge  is  not 
permitted. 
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WMS  INSTALLATION  COST  ESTIMATES 


Vessel  VIGOROUS  (21 P1) 
WMS  No.  9 


Installation 
Cost  Element 


Piping!1) 


Tank  Steel(3) 


Foundations 


Electric 

Cables 


Miscellaneous 
Installations  (pumps , 
motors,  skid- mounted 
components,  etc.) 


Welding 


Cutting 

§ 

§ Other 

£ (miscellaneous 

handling) 


Unit 

Assumed  Unit  Cost 

Pounds 

$ 4,50/Lb. 

(Materials  and  Labor) 

$ .55/Lb. 

(Materials  and  Labor) 

Pounds 

$ .92/Lb. 

(Materials  and  Labor) 

Feet 

$ 2.00/Ft. 

(Materials  and  Labor) 

Man- 

Hours 

$15 .00/MH 
(Labor) 

Feet 

$ 1.00/Ft. 

(Labor) 

Feet 

$ 6.00/Ft, 

(Materials  and  Labor) 

Hours 

$50. 00/Hr. 1 * 3 4 5  (6) 

(Labor) 

Man- 

Hours 

$15. 00/MH 
(Labor) 

Quantity  Required 

(estimated  Cost  ($) 
number  of  units) 


(3) 

2,  230  10,035 


1,144 


1,592 


Total  Installation  Cost  ($) 


16, 266 


(1)  Coppar-niokal  aaumad, 

(3)  admit*  tocludtt  ■ factor  of  80%  added  to  allow  fbr  valvat,  flangai,  flttinp,  taka-down  Joint*,  etc. 

(3)  Ona-quartar  inch  plat*  uiumad. 

(4)  Eitimita  includM  a factor  of  30%  addad  to  allow  for  raqulrad  imiotural  id  Waning  for  propar  lupport. 

(5)  EMlmatad  on  tha  bam  of  10%  of  the  weight  which  hai  to  ba  tupportad. 

(6)  Bated  on  an  aawmad  cutting  rata  of  80  ft.  /hr. 
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DISCUSSION  OF  INSTALLATION  BASED  ON  SHIPCHECKS 
Vessel:  VIGOROUS  (210') 

WMS  No.  10  JERED  Reduced  Volume  Flush  Vacuum  Collection/Incinerator 
for  Concentrated  Black  Water/Holding  Tank  for  Gray  Water 

Required 


Vacuum  Collection  Tank  Assembly 

250  gal. 

(165  cu. 

ft.) 

Galley/Turbid  Holding  Tank 

15,480  gal. 

(2069  cu 

. ft.) 

Fuel  Oil  Day  Tank 

61  gal. 

(8.2  cu. 

ft.) 

Incinerator 

One  (1)  Jered 

Galley/Turbid  Holding  Tank 

Overboard  Pump 

Two  (2) 

Discussion 


The  system  Is  a viable  candidate  subject  to  certain 
limitations . 

Re-use  of  existing  piping  arrangements  would  have  to  be  considered. 

A fresh  water  sanitary  flushing  system  would  be  required. 

Equipment  would  be  arranged  In  the  existing  Sewage  Treatment  Space 
on  the  Third  Deck  as  follows: 

(a)  The  vacuum  collection  tank  assembly  would  be  fitted  at  the  aft  end 
of  the  compartment,  predominantly  to  port. 

(b)  The  Incinerator,  blower  and  fuel  oil  day  tank  would  be  fitted  to 
starboard  of  the  vessel's  centerline. 

(c)  The  vessel  does  not  have  a stack,  since  the  diesel  engine 
exhausts  run  aft  to  the  weather  via  the  transom  stern.  This  apparently  will 
offer  complications  as  to  if  and  how  the  incinerator  stack  can  be  satisfactorily 
led  to  the  weather.  See  the  Special  Remarks  in  the  discussion  at  the  beginning 
of  this  Section,  Fire  fighting  protection  and  possibly  the  space  ventilation  will 
have  to  be  modified. 

(d)  A minimum  gray  water  holding  tank  (approximately  2'-3"  L x 
l'-6"  Wx6'H)  would  be  fitted  at  the  forward  end,  port  side. 
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Vessel:  VIGOROUS  (210’) 
System  No.  10  (Cont'd) 


(e)  The  gray  water  holding  tank  pump  would  be  located  in  the 
forward  starboard  corner. 

Drainage  would  be  as  follows: 

(a)  Sewage  from  all  spaces  would  be  collected  by  vacuum  in  the 
vacuum  collection  tank  assembly.  The  garbage  grinder  drains  would  require 
a special  vacuum  valve  similar  to  a urinal  discharge  type  valve  to  permit 
proper  collection. 

(b)  Galley  and  Turbid  drains  would  gravitate  to  the  small  gray 
water  holding  tank  for  discharge  overboard  and  to  pierside. 
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PROPOSED  WMS  EQUIPMENT  ARRANGEMENT 
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WMS  INSTALLATION  COST  ESTIMATES 


Vessel  VIGOROUS  (210" 


WMS  No.  10 


Installation 

Cost  Element 

Unit 

— 

Assumed  Unit  Cost 

Quantity  Required 
(estimated 
number  of  units) 

Cost  ($) 

Piping 

Pounds 

$ 4.50/Lb. 

(Materials  and  Labor) 

4,265 

19,193 

Tank  Steel(3) 

Pounds 

$ .55/Lb, 

(Materials  and  Labor) 

(*) 

460 

253 

Foundations 

Pounds 

$ .92/Lb. 

(Materials  and  Labor) 

(5) 

1,175 

1,081 

Electric 

Cables 

Feet 

$ 2.00/Ft. 

(Materials  and  Labor) 

225 

450 

Miscellaneous 
Installations  (pumps, 
motors,  skid- mounted 
components,  etc.) 

Man- 

Hours 

515.00/MH 

(Labor) 

20 

300 

Aocess  Cuts  (in  hull, 
deck  plating  or 
bulkhead  to  provide 
passageway) 

Feet 

5 1.00/Ft. 

(Labor) 

55 

55 

Welding 

Feet 

$ 6.00/Ft. 

(Materials  and  Labor) 

70 

420 

Removals 

Cutting 

Other 

(miscellaneous 

handling) 

Hours 

Man. 

Hours 

$50. 00/Hr.  (6) 

(Labor) 

$15 . 00/MH 
(Labor) 

25 

35 

1 

1,  250 

525 

Total  Installation  Cost  ($) 

23,  527 

(1)  Copfrcr-niokcl  tmtmad. 

(2)  Ettlmau  Include*  » factor  of  50%  added  to  allow  tor  valval,  OaogM,  fltdagi,  tale-down  Jointi,  etc. 

(3)  Cm -quart  ax  Inch  plate  anumed. 

(4)  Eidirata  include*  a factor  of  30$  added  to  allow  for  required  itructural  itlffenlng  for  proper  lupport. 
(fl)  EKlmated  on  the  baali  of  10$  of  the  weight  which  hai  to  be  fupported. 

(6)  Bated  on  an  anumed  cutting  rate  of  60  ft.  /hr. 
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DISCUSSION  OF  INSTALLATION  BASED  ON  SHIPCHECKS 
Vessel:  VIGOROUS  (2 10') 

WMS  No.  11  JERED  Reduced  Volume  Flush  Vacuum  Collection/GATX 
Evaporator  for  Concentrated  Black  Water/Holding  Tank 
for  Gray  Water 


Required 

Vacuum  Collection  Tank  Assembly  250  gal,  (165  cu.  ft.) 

Galley/Turbid  Holding  Tank  15,480  gal.  (2069  cu.  ft.) 


Evaporator  (GATX) 
Catalytic  Oxidizer 
Galley/Turbid  Holding  Tank 
Overboard  Pump 


Three  (3) -60  gal. 
Three  (3) 

Two  (2) 


Discussion 


The  system  is  not  a viable  candidate. 

There  is  Insufficient  space  to  include  all  the  equipment  required, 
especially  due  to  the  space  required  to  fit  all  the  evaporators  and  their  piping 
in  the  existing  Sewage  Treatment  Space  on  the  Third  Deck. 


DISCUSSION  OF  INSTALLATION  BASED  ON  SHIPCHECKS 
Vessel:  VIGOROUS  (210') 

WMS  No.  12  JERED  Reduced  Volume  Flush  Vacuum  Collection/Holding 
Tank  for  Concentrated  Black  Water/Grumman  Flow 
Through  System  with  Sludge  Holding  Tank  for  Gray  Water 


Required 


G/T  Influent  Surge  Tank 

922  gal.  (123  cu.  ft.) 

Sludge  Holding 

1,290  gal.  (172  cu.  ft.) 

Vacuum  Collection  Tank  Assembly 

250  gal.  (165  cu.  ft.) 

Sewage  Holding  Tank 

1,540  gal.  (206  cu.  ft.) 

Grumman  Unit  without  Incinerator 

Two  (2) 

Influent  Surge  Tank  Pump 

Two  (2) 

Sewage  Holding  Tank  Overboard 

Pump 

Two  (2) 

Sludge  Holding  Tank  Transfer 

Pump 

One  (1) 

Discussion 


The  system  is  not  a viable  candidate. 

There  is  insufficient  space  to  include  all  the  equipment  required, 
especially  due  to  the  space  required  by  the  vacuum  collection  assembly  plus 
the  Grumman  installations,  all  in  the  existing  Sewage  Treatment  Space  on 
the  Third  Deck. 
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DISCUSSION  OF  INSTALLATION  BASED  ON  SHIPCHECKS 
Vessel:  VIGOROUS  (210') 

WMS  No.  13  JERED  Reduced  Volume  Flush  Vacuum  Collection/Grummaa 
Flow  Through  System  for  Gray  Water/Incinerator  for  both 
. Concentrated  Black  Water  and  Gray  Water  Sludge 


Galley/Turbid  Influent  Surge  Tank 
Vacuum  Collection  Tank  assembly 
Fuel  Oil  Day  Tank 

Grumman  Unit  with 
Incinerators 
Vacuum  Collection  Tank 
Transfer  Pumps 
Influent  Surge  Tank  Pumps 
G/T  Holding  Tank  Overboard 
Pump 

Discussion 

The  system  is  not  a viable  candidate. 

There  is  insufficient  space  to  include  all  the  equipment  required, 
expecially  due  to  the  space  required  by  the  vacuum  collection  assembly  plus 
the  Grumman  installations  with  multiple  incinerators,  all  in  the  existing 
Sewage  Treatment  Space  on  the  Third  Deck. 


Required 

922  gal.  (123  cu.  ft.) 
250  gal.  (165  cu.  ft.) 
112  gal.  (15  cu.  ft.) 

Two  (2)  with  Three  (3) 
Thlokol  Incinerators 

Three  (3) 

Two  (2) 

Two  (2) 
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DISCUSSION  OF  INSTALLATION  BASED  ON  SHIPCHECKS 
Vessel:  VIGOROUS  (2 10') 

WMS  No.  14  GATX  Reduced  Volume  Flush  M/T  Pump  Collection/Holding 
Tank  for  Concentrated  Black  Water/Holcjing  Tank 
for  Gray  Water 

Required 

Sewage  Holding  Tank  . 1,742  gal,  (233  at.  ft.) 

Galley/Turbid  Holding  Tank  15.480  gal,  (2069  tiu.  ft.) 

Sewage  Holding  Tank 

Overboard  Pump  Two  (2) 

G/T  Holding  Tank 

Overboard  Pump  Two  (2) 

Macerator /Transfer  Pump  Nine  (9) 

Discussion 

The  system  installation  is  a viable  candidate  subjectto  certain 
limitations. 

A fresh  water  sanitary  flushing  system  would  be  required. 

The  system  is  similar  to  System  No.  1 except  that  sewage  collection 
for  this  system  is  by  macerator /transfer  pumps  instead  of  gravity/ 

The  Sewage  Holding  Tank  required  capacity  can  apparently  be  met  in 
a tank  approximately  6'  L x 8'  W x 6*  H. 

The  equipment  arrangement  would  be  as  indicated  for  System  No.  1. 
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WMS  INSTALLATION  COST  ESTIMATES 


Vessel  VIGOROUS  (2I01) 


V/MS  No.  14 


Installation 

Cost  Element 

Unit 

Aasumad  Unit  Cost 

Quantity  Required 
(estimated 
number  of  units) 

Cost  ($) 

Piping^) 

Pounds 

$ 4,50/Lb, 

(Materials  and  Labor) 

1,285 

i 

5,  783 

Tank  Steel(3) 

Pounds 

- • •.  ' 

$ .55/Lb, 

(Materials  and  Labor) 

4,010 

(4) 

2,  206 

Foundations 

Pounds 

$ .92/Lb* 

(Materials  and  Labor) 

2,410 

(8) 

2,218 

Electric 

Cables 

Feet 

$ 2.00/Ft. 

(Materials  and  Labor) 

300 

600 

Miscellaneous 
Installations  (pumps, 
motors,  skid* mounted 
components,  etc.) 

Man- 

Hours 

$1S..00/MH 

(Labor) 

35 

S2S 

Access  Cuts  (in  (iull, 
deck  plating  or 
bulkhead  to  provide 
passageway) 

Feet 

$ 1.00/Ft. 

(Labor) 

55 

55 

Welding 

Feet 

$ 6.00/Ft. 

(Materials  and  Labor) 

80 

480 

to 

Cutting 

Hours 

$50. 00/Hr.  <6> 

(Labor) 

25 

1,  250 

1 

s 

cu 

OS 

Other 

(miscellaneous 

handling) 

Man- 

Hours 

$15 .00/MH 
(Labor) 

35 

525 

Total  Installation  Cost  ($) 

13,642 

(l)  Copp*r*olckal  utu mad. 

(2'  Eitirtuce  Include*  t factor  of  80%  added  to  allow  lbr  valve* , fkngei,  flvttags,  taka-down  Joint*,  etc. 
(3}  One  quarter  inch  plate  atiurned. 

(4)  Eitlmata  Include*  a factor  of  30%  added  to  allow  for  required  itructural  idffening  for  ptoper  tupport. 
(8)  EMmaead  on  the  bait*  of  10%  of  the  weight  which  hu  to  be  tupported. 

(6)  Sued  oo  an  amimed  cutting  rate  of  30  ft.  /hr. 
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DISCUSSION  ; /F  INSTALLATION  BASED  ON  SHIPCHECKS 
Vessel:  VIGOROUS  (<:i0  5 

WMS  No.  15  GATX  Reduced  Volume  Flush  M/T  Pump  Collection/Incinerator 
for  Concentrated  Black  Water/Holding  Tank  for  Gray  Water 


Required 


Incinerator  Feed  Tank 
Galley/Turbid  Holding  Tank 
Fuel  Oil  Day  Tank 

Incinerator 

Incinerator  Feed  Pump 
Incinerator  Feed  Tank 
Overboard  Pump 
G/T  Holding  Tank  Overboard 
Pump 

Macerator/Tranafer  Pump 
Discussion 


125  gal,  (17  cu.  ft.) 
15,480  gal.  (2069  cu.  ft.) 
61  gal.  (8.2  cu.  ft.) 

One  (1)  Jered 
One  (1) 

One  (1) 


Two  (2) 
Nine  (9) 


The  system  Installation  is  a viable  candidate  subject  to  certain 
limitations. 

A fresh  water  sanitary  flushing  system  would  be  required. 

Equipment  would  be  arranged  In  the  existing  Sewage  Treatment 
Space  on  the  Third  Deck  as  follows : 

(a)  The  incinerator  feed  tank  (approximately  2'  L x 2'  W x 4'-6"  H) 
would  be  located  on  the  port  side,  aft. 

(b)  The  incinerator,  blower,  feed  pump  and  fuel  oil  day  tank  would  be 
located  on  the  starboard  side. 

As  far  as  an  incinerator  stack  is  concerned,  see  System  No.  10  for 
running  the  stack  to  the  weadier. 

Fire  fighting  protection  and  pjssibly  the  space  ventilation  will  have 
to  be  modified. 
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Vessel:  VIGOROUS  (210') 
System  No,  15  (Cont'd) 


: 1 
; 4 


(c)  Due  to  lack  of  more  space,  the  galley/turbid  holding  tank  would 
be  restricted  to  538  gallons  (72  cu,  ft.),  approximately  4'Lx3'Wx6'H.  It 
would  be  located  on  the  port  side,  forward. 

(d)  The  pumps  associated  with  the  equipment  would  be  located  along 
the  vessel's  centerline. 

Drainage  would  be  as  follows: 

(a)  All  sewage  would  be  collected  by  macerator/transfer  pumps 
and  discharged  to  the  incinerator  feed  tank.  Pumps  would  either  feed  it  to 
the  incinerator  or  discharge  it  overboard  or  pierside  according  to  prevailing 
restrictions. 

(b)  Galley/turbid  water  would  gravitate  to  the  G/T  holding  tank 
from  which  It  would  be  pumped  either  overboard  or  to  pierside, 
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WMS  INSTALLATION  COST  ESTIMATES 


Vessel  VIGOROUS  (210*) 

WMS  No.  15 


Installation 
Coat  Element 


Piping 


Tank  Steel(3) 


Foundations 


Electric 

Cables 


Miscellaneous 


components,  etc.) 
'uti 
:ln< 


Welding 


Cutting 

W 

M>4 

2 

| Other 
$ (miscellaneous 
handling) 


Unit 

— 

Assumed  Unit  Cost 

Pounds 

$ 4. 50/Lb. 

(Materials  and  Labor) 

Pounds 

$ .55/Lb. 

(Materials  and  Labor) 

Pounds 

$ .92/Lb. 

(Materials  and  Labor) 

Feet 

$ 2.00/Ft. 

(Materials  and  Labor) 

Man- 

Hours 

$15 .00/MH 
(Labor) 

Feet 

$ 1.00/Ft. 

(Labor) 

Feet 

$ 6.00/Ft. 

(Materials  and  Labor) 

Hours 

$50. 00/Hr.  (8> 

(Labor) 

Man- 

Hours 

$15. 00/MH 
(Labor) 

Quantity  Required 

(estimated  Cost  ($) 
number  of  units) 


Total  Installation  Cost  ($) 


(1)  Copper-nickel  anumed. 

(2)  Ultimate  InoludM  a factor  of  60%  added  to  allow  for  valvea,  flengei,  flcdogi,  take-down  jointi,  etc. 

(3)  Cue -quarter  Inch  plate  auumed. 

(4)  Eitlmeta  include*  I factor  of  30$  added  to  allow  for  required  itruotural  idffeolng  for  proper  tupport. 
(0)  Eidmated  on  the  bad!  of  10 $ of  the  weight  which  hai  to  be  lupported, 

(8)  Bated  on  an  anumed  cutting  rate  of  60  ft,  /hr. 


20,891 
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DISCUSSION  OF  INSTALLATION  BASED  ON  SHIPCHECKS 


Vessel:  VIGOROUS  (210') 


WMS  No.  16  GATX  Reduced  Volume  Flush  M/T  Pump  Collection/GATX 
Evaporator  for  Concentrated  Black  Water/Holding  Tank 
for  Gray  Water 


Required 

Galley/Turbid  Holding  Tank  15,480  gal.  (2069  cu.  ft.) 

Evaporator  Feed  Tank  125  gal.  (16.7  cu.  ft.) 


Evaporator  (GATX) 

Catalytic  Oxidizer 
Evaporator  Feed  Pump 
Evaporator  Feed  Tank  Overboard 
Pump 

G/T  Holding  Tank  Overboard 
Pump 

Macerator/Transfer  Pump 
Discussion 


Three  (3)  - 60  gal. 
Three  (3) 

Two  (2) 

One  (1) 

Two  (2) 

Nine  (9) 


The  system  installation  is  a viable  candidate  subject  to  certain 
limitations . 


Equipment  could  be  located  in  the  existing  Sewage  Treatment  Space  on 
the  Third  Deck.  The  installation  will  be  a little  on  the  tight  side  depending  on 
how  the  final  piping  arrangement  is  installed,  since  a number  of  components 
would  have  to  be  fitted  on  this  rather  small  space. 

A fresh  water  sanitary  flushing  system  would  be  required. 

Equipment  could  be  arranged  as  follows: 

(a)  The  evaporator  feed  tank  (approximately  2’Lx2'Wx4,-3”H) 
would  be  on  the  port  side,  aft. 


(b)  The  evaporators  and  their  vapor  treatment  equipment  would 
be  located  one  on  the  vessel's  centerline  forward  and  two  on  the  starboard  side. 





Vessel:  VIGOROUS  (210') 
System  No.  16  (Cont'd) 


(c)  The  minimum  gray  water  holding  tank  discussed  in  System 
No.  1 would  be  located  on  the  port  side,  just  forward  of  the  evaporator  feed 
tank. 


(d)  The  evaporator  feed  pumps  and  the  various  overboard  discharge 
pumps  would  be  arranged  functionally  near  the  equipment  served. 

Drainage  would  be  as  follows: 

(a)  AH  sewage  would  be  collected  by  macerator/transfer  pumps  and 
discharged  to  the  evaporator  feed  tank. 

(b)  Sewage  would  be  pumped  either  to  the  evaporators  or  to  overboard 
or  plerside  connections  depending  on  prevailing  restrictions. 

(c)  Sludge  from  the  evaporators  would  be  pumped  overboard. 

(d)  Galley  and  turbid  water  would  gravitate  to  the  minimum  gray 
water  holding  tank  for  discharge  either  overboard  or  to  plerside  connections, 
depending  on  restrictions . 
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PROPOSED  WMS  EQUIPMENT  ARRANGEMENT 
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WMS  INSTALLATION  COST  ESTIMATES 
Vessel  VIGOROUS  (210') 


WMS  No.  ie 


Installation 

Cost  Element 

Unit 

Assumed  Unit  Cost 

Quantity  Required 
(estimated 
number  of  units) 

Cost  ($) 

Piping*^ 

Pounds 

$ 4. 50/Lb. 

(Materials  and  Labor) 

D 

7,133 

Tank  Steel(3) 

Pounds 

$ .55/Lb. 

(Materials  and  L«bor) 

1 

2 75 

Foundations 

Pounds 

$ .92/Lb. 

(Materials  and  Labor) 

515 

(8) 

474 

Electric 

Cables 

Feet 

$ 2.00/Ft. 

(Materials  and  Labor) 

450 

900 

Miscellaneous 
Installations  (pumps, 
motors i skid- mounted 
components,  etc.) 

Man- 

Hours 

$15 .00/MH 
(Labor) 

35 

525 

Access  Cuts  (In  hull, 
deok  plating  or 
bulkhead  to  provide 
passageway) 

Feet 

$ 1.00/Ft. 

(Labor) 

55 

55 

Welding 

Feet 

....  .... 

$ 6.00/Ft. 

(Materials  and  Labor) 

j 70 

420 

in 

Cutting 

Hours 

$5  0.00/Hr.  (6> 

(Labor) 

25 

1, 250 

1 

St 

Other 

(miscellaneous 

handling) 

Man- 

Hours 

$15. 00/MH 
(Labor) 

35 

■-H 

525 

Total  Installation  Cost  {$) 

11,557 

(1)  Copper-nickel  aitumed. 

(3)  Ettlmatfl  Include*  a factor  of  50%  added  to  Allow  for  valvei,  flan  got,  fltringi,  take-down  Join  a,  etc. 

(3)  One-quarter  Inch  plate  airimed. 

(4)  Eidmate  lncludei  a factor  of  30%  added  to  allow  for  required  itruotural  idffenlng  for  proper  tupport. 

(5)  Estimated  on  the  baatt  of  10%  of  the  weight  which  hai  to  be  tupported. 

(6)  Bated  on  an  atiumed  cutting  rate  of  30  ft,  /hr. 

SC 
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WMS  No.  17  GATX  Reduced  Volume  Flush  M/T  Pump  Colleetion/Holding 
Tank  for  Concentrated  Black  Water/Grumman  Flow 
Through  System  with  Sludge  Holding  Tank  for  Gray  Water 


Sewage  Holding  Tank 
Galley/Turbid  Influent  Surge  Tank 
Sludge  Holding  Tank 


Required 


1,742  gal.  (233  cu,  ft.) 

922  gal.  (123  cu.  ft.) 
1,290  gal.  (172  cu.  ft.) 


Grumman  Unit  without  Incinerator  Two  (2) 

Sewage  Holding  Tank  Overboard  Pump  Two  (2) 

G/T  Influent  Surge  Tank  Pump  Two  (2) 

G/T  Influent  Surge  Tank  Transfer  Pump  One  (1) 

Sludge  Holding  Tank  Transfer  Pump  Two  (2) 

Maccrator/Transfer  Pump  Nine  (9) 


Discussion 


The  system  is  not  a viable  candidate. 


There  is  insufficient  space  to  include  all  the  equipment  required, 
especially  due  to  the  space  required  by  the  Sewage  Holding  Tank  and  the 
Grumman  MSD's  in  the  existing  Sewage  Treatment  Space  on  the  Third  Deck. 
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DISCUSSION  OF  INSTALLATION  BASED  ON  SHIPCHECKS 
Vessel:  VIGOROUS  (210') 


WMS  No.  18  GATX  Reduced  Volume  Flush  M/T  Pump  Collection/Grumman 
Flow  Through  System  for  Gray  Water/Incincerator  for  both 
Concentrated  Black  Water  and  Gray  Water  Sludge 


Sewage  Surge  Tank 
Galley/Turbid  Surge  Tank 
Fuel  Oil  Day  Tank 

Grumman  Unit  with 
Incinerators 
Sewage  Surge  Tank 
Transfer  Pump 
Sewage  Surge  Tank 
Overboard  Pump 
G/T  Surge  Tank  Pump 
G/T  Surge  Tank 
Overboard  Pump 
Macerator/Transfer  Pump 


Required 

122  gal.  (16  cu.  ft.) 
922  gal.  (123  cu.  ft.) 
112  gal.  (15  cu.  ft.) 

Two  (2)  with  Three  (3) 
Thiokol  Incinerators 

Three  (3) 

One  (1) 

Two  (2) 

One  (1) 

Nine  (9) 


Pis  CUM  ion 


The  system  is  not  a viable  candidate. 

There  is  insufficient  space  to  include  all  the  equipment  required, 
especially  due  to  the  sizes  of  the  Grumman  MSD's  in  the  existing  Sewage 
Treatment  Space  on  the  Third  Deck. 
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WMS  INSTALLATION  EFFECTIVENESS  ATTRIBUTE  DATA 


Vessel VIGOROl 


Sheet  1 of  10 


M/E  I - ADAPTABILITY  FOR  SHIPBOARD  INSTALLATION 
INSTALLATION  CHARACTERISTIC 


111  Requited  black  water  handling  capacity  for  vessel  versus  actual  capacity  of  WMS 

(a)  Actual  capacity  of  WMS  equals  or  exceeds  required  capacity  for  vessel. 

(b)  WMS  marginally  suitable  for  vessel  (has  96 •99’ln  of  required  capacity). 

(c)  WMS  capacity  Insufficient  for  vessel  (less  than  95%  of  required  capacity). 


I WMS  #11  1 


9 10  11  12  13  14  1C  16  17 


Data  c c N/A  N/A  N/A  N/A  N/A  N/A  c 


N/A  N/A  N/A 


N/A  N/A 


112  Required  gray  water  handling  capacity  for  vessel  versus  actual  capacity  of  WMS 

(a)  Actual  capacity  of  WMS  equals  or  exceeds  requited  capacity  for  vessel. 

(b)  WMS  marginally  suitable  for  vessel  (lias  95-99%  of  requited  capacity). 

(c)  WMS  capacity  Insufficient  for  vessel  (less  than  95%  of  required  capacity). 


WMS#  1 


9 10  11  12  13  14  15  1C  17 


c N/A  N/A  N/A  N/A  N/A  N/A 


N/A  N/A  1 1.7 A 


c , N/A  N/A 


13  Fxtent  of  additional  support  systems  or  equipment  required  to  accommodate  WMS' 

(a)  No  additional  support  systems  ot  equipments  required. 

(b)  Some  additional  support  systems  or  equipments  required. 

(c)  Many  additional  support  systems  or  equipments  required. 1 ' 

^ Exampleit . Firefighting  system  must  be  installed  with  incinerator. 

. Bilge  alarm  required  If  Urge  tank  is  installed  above  bilge. 

. Compressor  required  on  vessels  that  do  not  already  have  one. 

. Detectors  of  toxic  or  noxious  gases  should  be  Installed  with  any  system  that,  as  an  inherent  design 
...  feature,  uses  such  gases  in  processing  wastes. 

“ Need  for  support  system/equipment  docs  not  significantly  reduce  W MS  suitability  for  on-board  Installation, 
Suitability  of  WMS  for  Installation  on  vessel  significantly  reduced. 


10  11 


14  15  16  17 


N/A  N/A  N/A  N/A  N/A  N/A 


N/A  N/A  N/A 


J/A  N/A 


21  Extent  of  fixture  modifications  required  for  WMS  installation 

(a)  No  fixtures  need  modification  ot  replacement, 

(b)  Some  fixtures  need  modification  ot  replacement. 

(c)  All  commodes  need  replacement  and  modification  of  urinal-associated  equipment  (e.g.,  urinal  discharge  valves) 

Is  required. 

fdi  All  fixtures  need  replacement  or  modification  (e,g, , replacement  ot  commodes  snd  urinal  fiushometors). 

(e)  All  flxutres  need  replacement  or  modification  and  each  fixture  has  additional  hookup  requirements  associated  with  it. 


VAIS#  1 


9 10  11 


13  14  16  16  17  18 


a I N/A  I N/A  | N/A  | N/A  1 N/A  I N/.V  1 c I e I N/A  I N/A  I N/A 


N/A  ! N/A 


WMS  INSTALLATION  EFFECTIVENESS  ATTRIBUTE  DATA 
Vessel  VIGOROUS  (21  CM 


Sheet  2 of  10 


M/E  I - ADAPTABILITY  FOR  SHIPBOARD  INSTALLATION  (Cont'd)  J 


INSTALLATION  CHARACTERISTIC: 


Extent  of  flush  medium  supply  modifications  tequired  foi  WMS  installation 
(ai  Editing  fl'ish  medium  Is  used. 

(b)  WMS  require*  conversion  of  flush  medium  to  potable  water. 

(c)  IV MS  require*  conversion  of  flush  medium  to  recirculating  nbn-aqueous  medium. 

(d)  WMS  requirea  conversion  of  flush  medium  to  salt  water.  0) 

^ Convenion  to  talc  water  require*  pump  re-iizing,  tapping  into  the  sea-eheat  and  provision  for  its  corrosive 
properties,  fbr  PAMLICO,  suit  water  would  be  used  if  the  drain  system  were  converted  to  a standard  flush 
system  (C.G.  supplied  information]. 


13  14 


N/A  N/A  N/A  N/A  N/A  N/A 


N/A  N/A  N/A 


N/A  N/A 


Hookup  requirements^  for  WMS  Collection /Transport  subsystem  installation 

(a)  No  udditiunal  hookup  requirements  beyond  existing  onea. 

(b)  Requires  piping  for  recirculation  of  flush  medium  (in  existing  gravity  drain  system}, 

(c)  Special  and  centralised  Collection/Transport  subsystem  requited. 

(d)  Special  and  non-centralized  Collectton/Transport  nihrystem  required  (Includes  conversion  from  reduced  flush  vacuum 

collection  to  a standard  gravity  drain  system,  with  or  without  recirculation], 

(1)  Drain  piping)  electric  cabiea  connecting  commode,  M/T  pump  and  control  panel  in  GATX,  but  not  in  JEllED,  etc. 


6 

6 

N/A 

N/A 

8 8 10  11  12  13  14  15  18  17 


11 

,12 

N/A 

N/A 

N/A  | N/A 


Routing  flexibility  for  drain  piping  modifications^ associated  with  WMS  ColKxrton/Transport  subsystem  Installation*^ 

(a)  Routing  is  highly  flexible.  ^ 

(b)  Routing  is  moderately  flexible,  with  some  restrictioni, 

(c)  Routing  is  highly  inflexible. 

Of  die  three  relevant  categories  of  routing  of  lines  (piping,  ventilation,  electrical],  piping  Is  die  most  important 
for  acaessing  use  of  WMS  installation. 

' 1 Notes;  . With  gravity  drainage,  lines  must  always  slope  downward  and  require  venting. 

, Smaller  size  lines  are  inherently  more  flexible, 

. With  the  pump  or  vicuum  Collection /Trans  port  subsystem,  sharp  bur.ds,  rises  and  long  run*  can  be 
accommodated  In  piping. 

In  all  cases,  WMS  installation  is  to  be  considered  from  die  point  of  view  of  modifications  required  to  existing 
condition). 


3 4 6 


N/A  N/A  N/A 


ini 

Si 


9 10  11  12  13  14  16  16  17 


N/A  N/A 


, kfASmtattjrii U. 
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WMS  INSTALLATION  EFFECTIVENESS  ATTRIBUTE  DATA 
Vessel  VIGOROUS  (2IQ1) 
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M/E  I - ADAPTABILITY  FOR  SHIPBOARD  INSTALLATION  (Cont.'d) 


r..  ^ 

233 

Space  requirements  for  WMS  Co  lice  cion /Trans  port  subsystem  Installation. 

(a)  No  additional  ipaee  required/1* 

(b)  Some  additional  apace  required,  25 

(c)  Urge  amount  of  additional  apace  required. 

E.g.,  M/T  pumpa  in  GATXi  or  imaU  influent  surge  tank. 

" E.g. , large  VCT  In  IEHEDi  or  large  Influent  aurge  tank,  if  not  already  lnatalled. 

\\TstS  H 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

11 

12 

13 

14. 

16 

16 

17 

13 

Da  ta 

A 

1 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

b 

b 

N/A 

N/A 

N/A 

4 

A 

A 

N/A 

N/A 

234 

Modularity  of  WMS 

(a)  Degree  of  mod 
(h)  Degree  of  mod 
(C)  Degree  of  mod 

Collection  /I 

ularity  of  tuba 
ularlty  of  subs 
ularity  of  subs 

rani  pot 

yjcem 

/item 

yttem 

t subsystem  (aa  It  affects  installation/1* 
ildt  ta  Installation  of  C/T  subsystem, 

eaultt  In  tome  (minimal)  difficulty  In  Installation  of  C/T  subsystem, 
eaula  in  moderate  difficulty  In  installation  of  C/T  subsystem, 

On  veaaela  that  do  not  currently  have  a WMS,  a high  degree  cf  modularity  aids  in  Installation,  and  a high  degreu 
of  subsystem  centralization  (at  In  the  JERED)  result*  In  difficulties  for  Installation. 

'IMS  « 

1 

2 

3 

4 

5 

6 

7 

a 

9 

1C 

11 

w 

13 

14 

15 

.16 

17 

18 

Data 

a 

a 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

b 

b 

N/A 

N/A 

N/A 

A 

A 

a 

N/A 

N/A 

238 

Vent  tequirementa 

(a)  No  ventt  are  rc 

(b)  Few  vena  are 

(c)  Many  vena  art 

for  WMS  Collecdon/Tranaport  subsystem  installation 

qulred  other  than  the  existing  vena, 
required  In  addition  to  the  existing  vena, 
required  In  addition  to  existing  vena. 

li/MS  /I 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

11 

1? 

13 

14 

15 

16 

17 

18 

Data 

A 

b 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

b 

b 

N/A 

N/A 

N/A 

A 

A 

b 

N/A 

N/A 

241 

Space  requirements  for  W 

(a)  Volume  required  la  m 

compartment  apace 

(b)  Volume  required  la  m 

compartment  apace 

(c)  Volume  and  dimensio 

(d)  Urge  volume  require 

compartment  space 

MS  watte  Treatment/Dlspoial  subsystem  Installation 

lnltnal  and  dimensions' ^ of  equipment  present  no  problems  In  lining  equipment  into  available 

oderate  and  dimension/"*  of  equipment  present  no  problems  in  fitting  equipment  into  avallab’e 

Z1*  of  equipment  do  present  problem  lu  fitting  equipment  into  available  compartment  .pace, 
d and  dimension^  of  equipment  do  preaent  problem  in  String  equipment  into  avaiublo 

tort  are  (1)  deck  area  required  and  (11)  height  required. 

The  two  main  fac 

WMS  » 

1 

2 

3 

4 

8 

6 

7 

8 

9 

10 

11 

12 

13 

14 

is 

16 

17 

! 18 

Data 

a 

b 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

b 

b 

N/A 

ML 

_N/A_ 

A 

b 

C 

N/A 

N/A 

61 
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WMS  INSTALLATION  EFFECTIVENESS  ATTRIBUTE  DATA 
Vessel  VIGOROUS  (210’) 


Sheet  4 of  10 


M/E  I - ADAPTABILITY  FOR  SHIPBOARD  INSTALLATION  (Cont'd) 


INSTALLATION  CHARACTERISTIC 


242 

Hookvip  requlremurits*1*  for  WMS  waste  Treatment/Disposal  subeystem  Itiltall.iUon 

(a)  Hpes,  ducts  and/or  cable  requirements  are  minimal. 

(b)  Pipes,  duets  and/or  cable  requirements  are  moderate, 
fa)  Pipes,  ducts  and/or  cable  requirements  are  extensive, 

***  Mpl  g 'or  fuel  oil,  freshwater,  cooling  water,  compressed  air,  interconnecting  remotely  located  equipment, 
overboard  discharge  line,  atc.i  electric  cablet  for  power  supply,  remote  control  panels,  eto.i  ducting  for 
ventilation,  etc, 

WMS  tl 

1 

4 

3 

4 

6 

0 

7 

8 

9 

10 

a 

12 

13 

14 

16 

10 

a 

IS 

N/A 

fata 

0 

b 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

b 

b 

U/A 

N/A 

N/A 

b 

0 

C 

N/A 

•’40 

Degree  of  modularity  of  WMS  waste  Treatment/Disposal  (as  It  affects  installation/1* 

(a)  Degree  of  modularity  of  subsystem  aids  In  Installation  of  T/D  subsystem. 

(b)  Degree  of  modularity  of  subsystem  results  In  some  (minimal)  difficulty  in  installation  of  T/D  subsystem, 

(c)  Degree  of  modularity  of  subsystem  results  In  moderate  difficulty  In  Installation  of  T/D  subsystem, 

^ Decentralization  of  components  may  require  additional  hookups  and  piping  rum. 

WMS  H 

1 

2 

3 

4 

C 

0 

7 8 

9 

10 

a 

12 

13 

14 

is 

16 

17 

18 

Data 

A 

A 

N/A 

N/A 

N/A 

N/A 

N/A  N/A 

a 

a 

N/A 

N/A 

N/A 

A 

b 

b 

N/A 

N/A 

244 

Vent  requirements  fot  WN 

(a)  No  vents  are  requires 

(b)  Vents  are  required. 

IS  waste  Treatment/Disposal  subsystem  installation*1' 

. 

y lntetn.il  to  the  compartment  In  which  subsystem  Is  located  arc  not  considered  here. 

***  Venta  that  are  on 

WMS  H 

1 

2 

3 

4 

8 

8 

7 

S 

9 

10 

a 

12 

13 

14 

IS 

16 

17 

18 

Data 

A 

b 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

b 

b 

N/A 

N/A 

N/A 

b 

b 

b 

N/A 

N/A 

245 

Exhaust  stack  requirements  for  W 

(a)  Exhaust  not  required. 

(b)  Exhaust  required,  size  of  su 

(c)  Exhaust  required,  size  of  stt 
(<1)  Exhaust  required,  size  of  so 
(c)  Exhaust  requited,  size  of  so 

/MS  waste  Treatment/Disposal  subsystem  installation*1* 

tek  relatively  small  and  stack  can  be  tun  via  existing  ship’s  stack  enclosure  (flddley), 
ick  relatively  large  and  stack  can  be  run  via  existing  ship’s  stack  enclosure, 
ick  relatively  small  and  stack  cannot  be  run  via  existing  ship’s  stack  enclosure, 
ick  rti.iUvely  large  and  stack  cannot  be  run  via  existing  ship's  stack  enclosure. 

lerator  requires  small  (2")  exhaust, 
tor  requires  large  (10")  exhaust. 

(1*  Notes  i . acctric  Inclr 
. Fuel  Inclneza 

WMS  « 

1 

2 

3 

_ 

4 

S 

G 

■ 

9 

10 

a 

12 

13 

14 

IS 

16 

17 

IS 

Data 

a 

a 

N/A 

N/A 

N/A 

N/A 

N/A  N/A 

a 

e 

N/A 

N/A 

N/A 

a 

e 

a 

N/A 

N/A 
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WMS  INSTALLATION  EFFECTIVENESS  ATTRIBUTE  DATA 


Vessel VIGOROUS  (21  O') 


Sheet  5 of  10 


M/E  I - ADAPTABILITY  FOR  SHIPBOARD  INSTALLATION  (Cont'd) 
INSTALLATION  CHARACTERISTIC 


28 


Eats  of  Installing  WMS  support  tfquipment^ 

(a)  No  support  equipment  required. 

(b)  Some  support  equipment  required  but  easy  to  install. 

(c)  Much  lupport  equipment  required  end  difficult  to  initill. 


0) 


Examplesi  . firefighting  system  mutt  be  Installed  with  incinerator. 

. Bilge  alarm  required  if  large  tank  ti  initalled  above  bilge. 

. Compreuor  required  on  vessels  that  do  not  already  have  one. 

. Detectcn  of  toido  or  noxious  gaiea  should  be  Initalled  with  any  tyitem  that,  at  an  Inherent 
deilgn  feature,  uiei  tuoh  gate*  in  prooeailng  waitei. 


WMS  H 


9 


10 


11 


12 


13 


14 


IS 


IB 


n 


18 


Data 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


26 


Hare  of  aompeniatlng  for  added  weight  of  WMS 

fa)  No  or  minimal  compensation  for  added  weight  required. 

(b)  Moderate  compeniatlon  for  added  weight  required. 

(c)  attentive  compeniatlon  for  added  weight  required. 


WMS  H 


9 


10  11  12  13  14  IS  16  17 


IS 


Dnea 


N/A 


N/A 


N/A 


N/A  N/A  N/A 


N/A 


N/A  N/A 


N/A  N/A 


271 


Extent  of  SH1PALTS  (permanent  modlflcacloni)  required  for  WMS  lmtallation 

(a)  No  SHIP  ALTS  required. 

(b)  Minor  SH1PALTS  required. 

(c)  Extent  of  SH1PALTS  required  it  moderate, 

(d)  Exteniive  SHIPALTS  required. 


(1) 


(1) 


Foundations,  enlarged  doon/hatchei,  Increased  oapacity  requirements  for  air  compressor,  etc. 


IMS  II 


8 


10 


11 


12 


13 


14 


IS 


16 


17 


18 


Data 


N/A  N/A  N/A  N/A  N/A  N/A 


d N/A  | N/A  N/A 


b N/A  N/A 


272 


Extent  of  temporary  modification^  required  for  WMS  installation 

(a)  No  temporary  modlficadons  required. 

(b)  Temporary  modifications  required  are  minor. 

(c)  Extent  of  temporary  modifications  required  are  moderate. 

(d)  Temporary  modifications  required  are  extensive. 


(1) 


Cutting  access  openings,  etc. 


WMS  li 


10 


11 


12 


13 


14 


IS 


16 


17 


18 


Data 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 


N/A 
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WMS  INSTALLATION  EFFECTIVENESS  ATTRIBUTE  DATA 
Vessel  VIGOROUS  (21C‘> 


Sheet  6 of  10 


M/E  I - ADAPTABILITY  FOR  SHIPBOARD  INSTALLATION  (Cont'd) 
INSTALLATION  CHARACTERISTIC 


Effect  of  WMS  on  vcucl  liability 

(a)  No  effect  on  editing  liability  characteriitlci  of  veiiel. 

(b)  Some  effect  on  editing  itabiUty  characteriitlci  of  venal,  oadly  compeniated  for. 

(e)  Severe  effect  on  editing  liability  characteriitlci  of  veuel,  compeaiadon  requited  exteniive  modification!  to  vouel 
(e.g.,  no  tankage  in  Point  Merton). 


a I a I N/A  N/A  j N/A  N/A  I N/A  N/A  | a | a | N/A  I N/A  | N/A 
Effect  of  WMS  on  veuel  trim  and  lilt 

(a)  No  effect  on  trim  ot  on  lift. 

(b)  Some  eailly  compeniated  for  effect  on  trim  ot  lilt. 

(c)  Comneniadon  for  effect  on  trim  or  lilt  tequitei  exteniive  modification  to  veuel. 


N/a  IN/A 


a I a | N/A  N/A|  N/A  ) N/A  | N/A  | N/A 

Effect  of  WMS  on  normal  range  of  veuel 
Veuel  reioutce  capacity  and  uiage  ratei, 

1 I S I 3 4 I i I 8 I 7 I 8 


N/A  N/A  N/A 


Preiented  on  Veuel  Keiouroe  Data  sheen 


Degree  of  ipacr  aado-off/reallocation  required  for  WMS  initallatlon 

(a)  No  ipace  Bade -off /reallocation  required, 

fb)  Minimal  degree  of  ipacc  aade-off/reallooatlon  required. 

(o)  Moderate  degree  of  ipacc  trade-aff/rcalloaatian  required. 

(d)  High  degree  of  ipace  trade-off/realioeation  required. 


N/A  N/A  N/A  N/A  N/A 


N/A  N/A  N/A 


N/A  N/A 


M/E  II  ■ PERFORMANCE 
PERFORMANCE  CHARACTERISTIC 


12  WMS  per  capita  wet  weight  (lb)^I  - Wj 


WMSS  1 


Drain  piping  material  it  auumod  to  be  copper-nickel  (Cu-Nl). 
a I ' 3 I 4 I S 1 8 I 7 I B 1 3 I 10  F 11 


13  14  H 16  17 


Data  370  355  N/A  I N/A  I N/A  I N/A  I N/A  I N/A  I 472  I 419  I N/A  I N/A  | N/A  I (Mil  440  I 321|  N/A  N/A| 
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WMS  INSTALLATION  EFFECTIVENESS  ATTRIBUTE  DATA 

Vessel  VIGOROUS  (210 ‘)  Sheet  7 of  10 


M/E  Ii  - PERFORMANCE  (Cont'd) 

z^y ___ 

PERFORMANCE  characteristic 


13 

WMS# 

WMS  per  capita  vol 

Volumei  an 
. Fixture  v 
. Pipe  volt 
. Other  aq 

ume  (ft3) - Vj 
a calculated  ai  folio wn 

olumei  are  calculated  using  i mallei t ipece  envelopei. 
ime  la  the  volume  of  a iquarc  tuba  with  side  ■ outside  diameter  of  pipe, 
idpmenti  Deck  areat  imallait  rectangle  encloilng  ell  equipment  In  a tingle  package  plui  extra 
dlmauion  area  required  for  operation  end  maintenance. 

Htlghtt  either  maximum  height  of  equipment,  or  lhU  compartment  height,  If  ipaoe  above 
peokage  it  not  uiable  for  any  other  purpoiei, 

1 

2 

3 

4 S 

6 

7 

8 

9 

10  I n 

12 

13 

14 

16 

18 

17 

18 

Data 

20.  0 

21.  1 

N/V 

N/A  N/A  | N/A 

N/A 

N/A 

21.2 

21.8 

N/A 

N/A 

N/A 

21.4 

22.0 

29.0 

N/A 

N/A 

21 

Adequacy  of  WMS  black  water  holding  time* 

HTb  • $ of  required  block  water  holding  time  met  by  WMS*1' 

A WMS  which  employi  an  Incinerator  la  oonildered  to  meet  10C7«  of  the  required  holding  dme.  The  holding 
time  of  a WMS  which  employi  a holding  tank  (for  waitewater  or  iludge)  la  determined  by  the  ratio  of  available 
tank  capacity  to  required  oapaclty, 

WMS# 

1 

2 

3 

4 

3 

« 

7 

8 

S 

10 

11 

12 

13 

14 

18 

18 

17 

18 

Data 

40 

S3 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

48 

100 

N/A 

N/A 

N/A 

100 

100 

ion 

N/A 

N/A 

22 

Adequacy  of  WMS  gray  water  holding  timet 

HTg  - 7o  of  required  gray  water  holding  time  met  by  WMS*1' 

*‘>AW 

dmi 

tank 

MS  whi 
of  a V 
oapac 

oh  em 
/MS  wh 
ty  to  tt 

Jloyi  ai 
dch  err 
squired 

incinerator  li  ccnildered  to  meet  100$  of  the  required  holding  time.  The  holding 
ployi  a holding  tank  (for  waitewater  or  iludge)  it  determined  by  the  ratio  of  available 
capacity. 

WMS# 

1 

_2_ 

3 

4 

S 

8 

7 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

IS 

Data 

1 

M/A 

N/A 

N/A 

N/A 

N/A 

N/A 

1 

1 

N/A 

N/A 

n/a 

1 

3 

l 

N/A 

N/A 
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Effec 

GIST 

of  per 

3*^0 

tk  hydraulic  loadi  in  black  water  itream  on  WMS  performance 

f required  Grumman  (or  other)  Influent  turge  tank  capacity  In  black  water  itream  met  by  intcalli 

tion. 

WMS# 

1 

2 

3 

4 

8 

6 

7 

8 

8 

10 

11 

12 

13 

14 

IS 

18 

17 

18 

Dau 

— 

Q 

N/A 

N/A 

n/a 

N/A 

N/A  N/A 

— 

— 

N/A 

N/A 

N/A 

nn 

.. 

N/A 

N/A 

312 

f/fec 

OIST 

of  per 
| % 0 

khydt 

f requii 

tulle  loadi  In  gray  wi 

ed  Grumman  Influen 

ttar  itream  on  WMS  performance 
•urge  tank  aeptcity  In  gray  watar  leream 

met  by  lnataUecton. 

WMS  # 

1 

2 

3 

4 

8 

6 

7 

3 

9 

10 

11 

12 

13 

14 

nr 

18 

17 

13 

Dau 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

- 

-- 

N/A 

N/A 

N/A 

-- 

N/A 

N/A 
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A bill  t 

HTCb 

y of  bl 

-7.  of 

ick  wa 

requlr 

ter  port 

ad  blac 

ion  of  WMS  to  handle  additional  penonnel  (on  a 
k water  (or  iludge)  holding  tank  capacity  met  by 

longterm  bail!) 

Imtallatton. 

WMS# 

1 

2 

3 

4 

8 

8 

7 

8 

9 

10 

11 

12 

13 

14 

18 

18 

17 

18 

Dau 

b. 

S3 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

•MM 

48 

N/A 

N/A 

N/A 

100 

" 

N/A 

N/A 
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WMS  INSTALLATION  EFFECTIVENESS  ATTRIBUTE  DATA 
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M/E  II  - PERFORMANCE  (Cont'd) 


PERFORMANCE  CHARACTERISTIC 


332 


Ability  of  gray  water  portion  of  WMS  to  handle  additional  perionnel  (on  a long  tetm  btiU) 
HTCo  ■ fo  of  required  gray  water  (or  iludge)  hodllng  tank  capacity  met  by  initallation, 


WMS# 


6 


9 


10 


11 


12 


13 


14 


IS 


16 


17 


18 


Data 


1 N/A  I N/Al  N/A  1 N/A  I N/A  N/A  I 1 


N/A  I N/A  1 N/A  1 1 


1 N/A  N/A 


M/E  IV  - PERSONNEL  SAFETY 


SAFETY  CHARACTERISTIC 


21 

Hazard  of  expletive  potential  for  operator /malntalner  due  to  Inherent  WMS  detlgn. 

1 * Initallation  Index  f for  personnel  tafety) 

(a)  Ukellhood  of  hazardoui  situation  It  not  Increased  due  to  location  of  any  portion  of  WMS. 

(b)  Ukellhood  of  hazardous  dotation  ii  lncreaied  due  to  proximity  of  any  portion  of  WMS  to  working  or  berthing  area. 

(o}  Ukellhood  of  happrdoui  dotation  U Increased  due  to  proximity  of  any  portion  of  WMS  to  fyel  itorage  area. 

WMS  H 

1 

2 

3 

4 

6 

6 

7 

S 

9 

10 

u 

12 

13 

14 

15 

10 

17 

18 

Data 

« 

A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

A 

0 

N/A 

N/A 

N/A 

A 

0 

A 

N/A 

N/A 

22 

Hazard  ofexplodve  potential  for  operator/mail 
I.-  Initallation  Index  (for  perionnel  ufety) 

tainer  due  to  ptoaedutal  error  /equipment  fnllurei  of  WMS. 

reaied  due  to  location  of  any  portion  of  WMS. 

ed  due  to  proximity  of  any  portion  of  WMS  to  working  or  bertltlng  area. 

ed  due  to  proximity  of  any  portion  of  WMS  to  fuel  itorage  area. 

(a)  Ukellhood  of  hazardotu  dotation  li  not  Inc 

(b)  Likelihood  of  hazardous  dtuado..  il  lnorea 
(o)  Ukellhood  of  hazardotu  dotation  li  Increa 

WMS  II 

1 

2 3 

4 

5 

e 

7 

8 

9 

10 

11 

12 

13  14 

15 

18 

17 

18 

Data 

a 

a j N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

A 

C 

N/A 

N/A 

N/A  | a 

c 

A 

N/A 

N/A 

31 

Hazard  of  Ore  ignition  potential  due  to  Inherent  WMS  dedgn 

t - Initallation  Index  (for  perionnol  lafetvl 

(a)  Ukellhood  of  hazardous  rituacion  la  not  increued  due  to  location  of  any  portion  of  WMS. 

(b)  Ukellhood  of  hazardoui  dotation  li  lncreaied  due  to  proximity  of  any  pardon  of  WMS  to  working  or  berthing  area, 

(c)  Likelihood  of  hazardoui  dotation  la  lncreaied  due  to  proximity  of  eny  portion  of  WMS  to  fuel  itorage  area, 

WMS  il 

1 

2 

3 

4 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

10 

17 

13 

Data 

a 

a 

N/A 

N/A 

N/A 

N/A 

N/A 

. N/A 

A 

O 

N/A 

N/A 

N/A 

A 

c_ 

A 

N/A 

JiZtL 

30 

Hazard  of  Are  tgnit 

1 * Initallation  lnd< 

Ion  potential  due  to  procedural  errt 

!X  ffor  ocnomtel  tafbtvl 

rn/equ 

pment  failure*  of  WMS. 

(a)  Ukellhood  of  hazardoui  dotation  la  not  Increased  due  to  location  of  any  portion  of  WMS.. 

(b)  Likelihood  of  hazardoui  dotation  it  lncreaied  due  to  proximjty  of  any  portion  of  WMS  to  working  or  berthing  area. 

(w  Likelihood  or  ntzardout  dotation  li  lncreaied  due  to  proximity  of  any  potdon  of. WMS  to  foel  itorage  area. 

WMS  i 

1 ■ 

2 

3 

4 

5 

6 

7 

8 

9 

10 

il 

12 

13 

14 

is 

16 

17 

18 

Data 

a 

A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

A 

C 

_N/A_ 

N/A 

A 

c 

A 

N/A 

N/A 
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M/E  V - HABITABILITY 


HABITABILITY  CHARACTERISTIC 


,U), 


Heat  generation  for  nearby  penonnel  ' due  to  Inherent  WMS  deaign 
1 - installation  Index  (for  heat) 


(a)  Location  of  WMS  ii  not  likely  to  raiw  heat  level  due  to  proximity  to  working  and  berthing  areaa. 

(b)  Location  of  WMS  it  likely  to  raiie  heat  level  due  to  proximity  to  working  and  berthing  areai. 


^ For  operator/malnulnet/adjaoent  berthing  and  working  areai, 

WMSrf 

1 

2 

3 

4 

S 

6 

7 

S 

8 

10 

n 

13 

13 

14 

IS 

le 

17 

18 

Data 

a 

A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

A 

b 

N/A 

N/A 

N/A 

a 

b 

A 

N/A 

N/A 

42 

Heat  generation  for 

I • Initallacton  inde 

nearby  penonnel^  due  to 
x (for  heat) 

procedural  erron/equipment  failure!  of  WMS 

(a)  Location  of  WMS  la  not  likely  to  raiie  heat  level  due  to  proximity  to  working  and  berthing  areai. 

(b)  Location  of  WMS  la  likely  to  raiie  heat  level  due  to  proximity  tt,  working  and  berthing  areai. 

^ For  operator/maintainer /adjacent  buttling  and  working  areas, 

WMS  Ii 

1 

3 

3 

4 

fi 

6 

7 

1 

6 

10 

n 

12 

13 

14 

IS 

13 

17 

IS 

Data 

a 

a 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

a 

b 

N/A 

N/A 

N/A 

a 

b 

* 

N/A 

N/A 

8 

Nolle  level 

I - Initallad 

for  penonnel  1 

on  Index  (for 

n vicinity  of  WMS^ 

wlie) 

(a)  Location  of  WMS  li  not  likely  to  raiie  noise  level  due  to  proximity  to  working  and  berthing  areas. 

(b)  Location  of  WMS  li  likely  to  raiie  nolle  level  due  to  proximity  to  working  and  berthing  areaa. 

^ For  operator /maintains! /adjacent  berthing  and  working  areai. 

WMS  * 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

a 

12 

13 

14 

IS 

16 

17 

IS 

Data 

a 

A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

a 

A 

N/A 

N/A 

N/A 

A 

A 

A 

N/A 

N/A 

6 

WMS  t! 

Vibration  leyeli  for  nearby  perso 

I - InitaUadon  Index  (for  vtbrad 

(a)  Location  of  WMS  li  not  like 

(b)  Location  of  WMS  1*  Ukely  t< 

(1)  For  operator/malntalner/ 

nnei^  produced  by  WMS  machinery 

22L 

ly  to  raiie  vibration  level  due  to  proximity  to  working  and  berthing  areas, 
raiie  vibration  level  due  to  proximity  to  working  and  berthing  areas. 

adjacent  berthing  and  working  areas. 

1 

3 3 

4 

8 

6 

7 

8 

9 

10 

11 

12 

13 

14 

is 

16 

17 

13 

Data 

a 

a N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

a 

A 

N/A 

N/A 

N/A 

a 

A 

A 

N/A 

N/A 
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M/E  VI  - RELIABILITY 


22 

Extent  of  WMS  configuration  redundancy 

WMS  equipment  requirements. 

WMS# 

1 

i 2 

3 

4 

• 

6 j 7 8 

8 10 

11  12 

13  | 14 

IS 

16 

17 

18 

Data 

it 

■ J 

I 'retented  on  WMS  Ec 

ulpmeijt  Requirement  Data jFcfm  j* 

M/E  VII  - MAINTAINABILITY 

MAINTAINABILITY  CHARACTERISTIC 

131 

Acceuibillry  of  replaceable  WMS  components 

I - Installation  Index  ffor  acceulbllltv) 

(a)  .High  degree  of  phyrical  clearance  around  WMS  equipment, 

(b)  Moderate  degree  of  clearance  around  WMS  equipment, 

(c)  Very  tight,  l.e. , very  little  oleoranoe  around  WMS  equipment. 

WMS# 

1 

2 

3 

4 

S 

6 

7 

8 

9 

10 

11 

12 

13  14 

18 

16 

17 

18 

Dau 

b 

b 

N/A 

N>A 

N/A 

N/A 

N/A 

N/A 

b 

b 

N/A 

N/A 

geaam. 

N/A  b 

c 

c 

N/A 

N/A 
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VIGOROUS  (210') 


CONCLUDING  REMARKS 

“ •**  vis:^rm?orxtha.v°=  zzizzz  Z£\zzT™nt 

observations,  and  are  reiterated  for  emphasis  aS  oont^eliee  ' 

Which  areVocated  m 5!*  V*  iitte6  wlth  a ™T  system , components  of 

men  are  located  in  the  Sewage  Treatment  Space  (3-84-0-Q)  on  the  Third  nwt 

Space  is  very  much  at  a premium  on  this  vessel . The  Sewage  Treatment Soafe 

adeqUate  f0r  the  eXlSt1^  ln8ta^™  • The 
ai™  2rifP!nn«S  1 4 bJack  and  water  lead  themselves  for  reuse  where 

possible . Permlt  ‘ ExlstlnS  PlPinS  connections  would  he  reused  where 

WMS  ipL  Pa!  kck  °f  addltional  suitable  space  limits  the  location  of  any 
WMS  to  the  existing  compartment.  For  some  of  the  systems  the  arrangement 
envisioned  would  be  considered  "tight" . y arrangements 

(c)  Access  to  the  Sewage  Treatment  Space  for  WMS  installations 
appears  to  the  limited  to  cutting  through  the  ship's  side  via  the  fuel  oil  tankage 
port  or  starboard.  TU.  would  require  tank  washing  and  gas  freeing  * 

of  a fresh  syslem.  ^ 

o 21  u sult  syeKme  Inc,"er«‘"*  *»d 

, . . Tbe  vessel  doe®  not  have  a conventional  stack.  All  engine  exhaust 

® . Li0?*00?1  runs  aft  and  out  the  8tern-  This  complicates  matters  in  that  it 
is  difficuit  to  determine  how  an  incinerator  stack  can  be  led  to  the  weather  (see 
discussion  in  shipcheck  observations . wearner  (see 

have  to  be  2' “T  l8yBtem  P®r  86  * Any  wei«ht  compensation  would 

nave  to  be  by  adjustment  of  existing  on-board  weights . 

.Modern  «mpartm«it  joiner  work  aboard  makes  it  a practical 
2"“E  8 “ *he  lMeriere"‘’os  P°“=d  »V  PiPi»K.  ventilation  and 

by^TmXce  Wl':’Wa!,8  ■ Thls  wouW  ta«  » >*  a™* « tawh 


APPENDIX  A 

PRELIMINARY  INSTALLATION  ANALYSIS 


SUMMARY  OF  PRELIMINARY  INSTALLATION  ANALYSIS  RESULTS 

VIGOROUS  (210') 


/^/fcoll/tran 
w/subsys  i 
(Black)  / 

^ravjfy*"  7 

Collect. 

oi r "s 

Recircul.  + 


(Chrysler  Chrysler 
+ Incin . 


4 Gravity 
Collect, 

5 [Grumman) 

Gravity”' 
__  Collect, 

7 Gravity 
Collect. 

8 [Grumman) 

"7  Vacuum 
Collect. 
(Iared) 


TYPE 

n W Treatment/Disposal 

r B1  )tSU^,^tem 

Tank9  tank  ? 
Chrysler  Holding 

+ Hld  Tnk  Tank 

Chrysler''"  Holding 
+ Incin.  Tank 

Grum  Flow  Holding 
rhfu+HldTk  Tank 
Grumman  Flow  Thru 


f SYSTEM 
ACCEPTABILITY 
FOR 

INSTALLATION^1 


Chrysler 
+ Hid  Tnk 


■f  Holding  Tank 
Hoicking  Grum  Flow 

Tank  Thru+HldTnkl 

Grum  Flow  Holding 
Thru+Incln,  Tank 
drumman  Flow  thn 
± Incinerator 


Holding 

Tank(2) 


Holding 

Tank 


Pump 

Collect. 

(GATX) 


Incinerator  H°kiing 
Tank 

GATX  Holding 

Evap,  Tank 

Holding  Grum  Flow 
Tank  (3)  Thru + Hid  Tnk 

Incinerator  Thru  + Incin, 

Holding  Holding 
Tank  Tank 

Incinerator  Homing 

Tank 

GATX  Holding 
Evap.  Tank 
lidding  Grum  Flow 
Tank  Thru  +Hld  Tnk 

Incinerator  g™  FrJ°Y 
Thru  + Incin . 


(1)  Based  om 

. Information  contained  in  available  vessel  plant, 

, WM S installation  requirements, 

. WMS  installation  criteria  and  guldellnei. 

(2)  Two  subcholces  available  for  WMS  No,  6 ai  follows: 

. Oa  - Concentrated  black  water  tramferred  from  VCT  to  holding  tank  (acceptable  for  all  vessels), 

. 9b  • Concentrated  black  water  held  in  VCT  (acceptable  for  Point  Herron  only), 

(3)  Two  subchoices  available  ior  WMS  No,  1C  as  follows: 

. 12a  • Concentrated  black  water  transferred  from  VCT  to  holding  tank  (acceptable  for  all  ■ essels). 

. 12b  • Concentrated  black  water  held  in  VCT  (acceptable  for  Point  Herron  only). 
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PERTINENT  VESSEL  INFORMATION 


VIGOROUS  (210') 


Crew : 60  Men 

Sanitary  Fixtures:  17  Waterclosets 
3 Urinals 
19  Lavatories 
14  Showers 

Existing  Arrangement: 

The  vessel  is  fitted  with  separate  drainage  systems,  one  for 
sewage  and  one  for  galley  and  turbid.  The  system  drains  from  the  various 
spaces  are  combined  with  similar  drains  from  ether  spaces  where  possible, 
forming  small  mains  which,  In  turn,  combine  and  eventually  enter  the  Sewage 
Treatment  Space  (3-84-0-Q)  on  the  Third  Deck.  This  space  contains  a Galley 
and  Tlrcbld  tank  of  approximately  100  gallons  capacity  and  a Sewage  Thnk  of 
approximately  630  gallons. 

The  sewage  mains  enter  the  sewage  tank  and  the  galley /turbid 
mains  enter  the  galley  and  turbid  taik;but  a valved  crossover  permits  gray  water 
to  be  routed  to  the  sewage  tank  If  necessary.  There  is  no  gravitational  system 
overboard.  Drains  collected  in  these  tanks  axe  pumped  overboard  and  to 
plerslde  via  special  connections  in  the  weather,  port  and  starboard. 

There  appear  to  be  some  spaces  which  are  empty  at  present 
but  which  are  identified  for  future  assignments  (armament,  navigation,  etc. ) . 
These  will  be  verified  at  the  shipcheck.  Otherwise,  there  does  not  appear  to 
be  much  space  available  for  system  component  installations.  Also  there  is 
no  ship's  stack,  since  engine  exhausts  are  routed  aft  through  the  stern.  There- 
fore, running  incinerator  stacks  will  require  particular  investigation. 
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PRELIMINARY  INSTALLATION  ANALYSIS  OF  INDIVIDUAL  CANDIDATE  SYSTEMS 
Vessel:  VIGOROUS  (210') 

WMS  No.  1 Full  Volume  Flush  Gravity  Collection/Holding  Tank  for 

Black  Water/Holding  Tank  for  Gray  Water 

Required 

Sewage  Holding  Tank  5,418  gal.  (724  cu.  ft.) 

Galley/Turbid  Holding  Tank  15,480  gal.  (2069  cu,  ft.) 

Sewage  Holding  Tank 

Overboard  Pump  Two  (2) 

G/T  Holding  Tank 

Overboard  Pump  Two  (2) 


Discussion 

The  system  Installation  appears  to  be  acceptable  subject  to  certain 
limitations. 

Equipment  would  be  arranged  hi  the  existing  Sewage  Treatment 
Space  (3-84-0-Q)  on  the  Third  Deck  as  follows: 

(a)  Due  to  space  limitations  the  Sewage  Holding  Tank  would  be 
leoUicted  to  2134  gallons  (288  cu.  ft.).  The  tank  would  be  approximately 
6'  L x 8'  W x 6*  H and  would  straddle  the  vessel's  centerline  at  the  forward 
end  of  the  compartment. 

(b)  The  galley  and  turbid  drains  cannot  gravitate  overboard  since 
the  vessel’s  waterline  is  Just  under  the  Second  Deck  level.  Therefore,  a 
minimum  gray  water  holding  tank  would  be  fitted.  The  tank  would  be  150 
gallons  (20  cu.  f;.),  approximately  2 feet  in  diameter  by  6 feet  high,  and 
located  aft  and  to  starboard  of  the  Sewage  Holding  Tank. 

(c)  The  Sewage  Holding  Tank  Overboard  Pump  and  the  Gray 
Water  Holding  T ank  Overboard  Pump  would  be  located  at  the  aft  end  of  the 
compartment. 

Drainage  would  be  as  follows: 

(a)  Sewage  from  all  spaces  would  gravitate  to  the  Sewage  Holding 
Tank  for  discharge  overboard  and  piers ide  via  the  tank's  pumps. 

(b)  Galley  and  Turbid  water  would  gravitate  to  the  small  gray 
water  holding  tank  for  discharge  overboard  in  unrestricted  waters  and  for 
pierside  discharge. 
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Vessel:  VIGOROUS  (210') 


WMS  No.  2 Full  Volume  Flush  Oil  Recirculation  and  Gravity  Collection/ 

Chrysler  System  with  Sludge  Holding  Tank  for 
Sewage/Holding  Tank  for  Gray  Water 


Required 


Sewage  Holding  Tank 
Galley /Turbid  Holding  Tank 

Chrysler  Model  and  Quantity 


Separation  Tank 

Fluid  Maintenance  and 
Pump  Package 

Sewage  Holding  Tank 
Overboard  Pump 
G/T  Holding  Talk  Over' 
board  Pump 

Discussion 


1,011  gal.  (135  cu.  ft.) 

15,480  gal.  (2069  cu.  ft.) 

Option  A Option  B Option  C 

One  (1)-A/B  One  (1)  A & Three  (3) -A 
One  (1)  A/B 

One  (1)-A  Two  (2) -A  Three  (3) -A 

Two  (2) 

Two  (2) 


The  system  installation  appears  to  be  acceptable  subject  to  certain 
limitations . 

Equipment  would  be  arranged  in  the  existing  Sewage  Treatment  Space 
on  the  Third  Deck  as  follows: 


(a)  Due  to  space  limitations  the  Sewage  Holding  Tank  would  be 
restricted  to  538  gallons  (72  cu.  ft.),  approximately  3'  L x 4'  W x 6'  H,  located 
at  the  forward  starboard  end  of  the  compartment. 

(b)  The  minimum  gray  water  holding  tank  discussed  In  System  No.  1 
would  be  located  in  the  aft  starboard  corner  of  the  compartment. 

(c)  There  Is  room  only  for  Chrysler  Option  A.  The  components 
would  be  fitted  along  the  ship's  centerline,  with  the  Separation  Tank  aft. 


Vessel:  VIGOROUS  (210') 
System  No.  2 (Cont'd) 


| 


(d)  The  tank  overboard  discharge  pumps  would  be  located  aft  of 
the  Sewage  Holding  Tank. 

Drainage  would  be  as  follows: 

(a)  Sewage  from  all  spaces  except  the  garbage  grinder  would 
gravitate  to  the  Chrysler  Separation  Tank, 

(b)  Garbage  grinder  drains  would  gravitate  to  the  Sewage  Holding 

Tank. 

(c)  Galley/Turbid  drains  would  gravitate  to  the  small  gray  water 
holding  tank  for  discharge  overboard  in  unrestricted  waters  and  to  the  Sewage 
Holding  Tank  or  pierside  when  overboard  discharge  is  not  permitted. 
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Vessel:  VIGOROUS  (210') 

WMS  No.  3 Full  Volume  Flush  Oil  Recirculation  and  Gravity  Collection/ 

Chrysler  System  with  Inoinerator  for 
SewageAlolding  Tank  for  Gray  Water 


Galley/Turbid  Holding  Tank 
Sludge  Surge  Tank 
Incinerator  Model  and  Quantity 


Required 

15,480  gal.  (2069  cu.  ft.) 
One  (1)  - Model  B 
One  (1)  "Model  C 


Chrysler  Model  and  Quantity  Option  A Option  B Option  C 


Separation  Tank 

Fluid  Maintenance 
and  Pump  Package 

Sludge  Surge  Tank 
Transfer  Pump 
Overboard  Pump 

Galley/Turbid  Holding  Tank 
Overboard  Pump 


One  (1)-A/B  One  (1)-A  Three  (3) -A 
One  (1)*A/B 

One  (1)  - A Two  (2) -A  Three  (3) -A 


One  (1) 
One  (1) 


Two  (2) 


Discussion 


The  system  installation  does  not  appear  to  be  acceptable. 

The  Chrysler  Option  A components,  a minimum  gray  water  holding 
tank  (similar  to  System  Nos.  1 and  2),  the  Sludge  Surge  Tank  and  the  pumps 
can  be  fitted  in  the  compartment.  However,  there  is  insufficient  room  for  the 
incinerator  installation. 
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Vessel:  VIGOROUS  (210') 

WMS  No.  4 Full  Volume  Flush  Gravity  Collection/Grumman  Flow  Through 
System  with  Sludge  Holding  Tank  for  Black  Water/ 
Holding  Tank  for  Gray  Water 


Sewage  Influent  Surge  Tank 
Galley/Turbid  Holding  Tank 
Sludge  Holding  Tank 

Grumman  Unit  without 
Incinerator 

Influent  Surge  Tank  Pump 
Influent  Surge  Tank  Overboard 
Pump 

Galley/Turbid  Holding  Tank 
Overboard  Pump 
Sludge  Holding  Tank  Transfer 
Pump 


Required 

313  gal.  <42  cu.  ft.) 
15,480  gal.  <2069  cu.  ft.) 
452  gal.  <60  cu,  ft.) 


One  <1) 
One  <1) 


Two  <2) 
Two  <2) 
One  <1) 


Discussion 


The  system  installation  does  not  appear  to  be  acceptable. 

Due  to  the  quantity  and  configuration  of  the  equipment  required  and 
the  piping  involved,  there  appears  to  be  insufficient  space  available  for  a 
functional  arrangement  and  for  maintenance  and  repair  in  the  existing  Sewage 
Treatment  Space  on  the  Third  Deck. 


Vessel:  VIGOROUS  (21  O') 


WMS  No.  5 Full  Volume  Flush  Gravity  Collection/Grumman  Flow  Through 

System  with  Sludge  Holding  Tank  for  Combined 
Black  and  Gray  Waters 


Required 

Influent  Surge  Tank  1235  gal,  (165  cu.  ft.) 

Sludge  Holding  Tank  1742  gal.  (233  cu.  ft.) 

Grumman  Unit  without 
Incinerator 

Influent  Surge  Tank  Pump 
Influent  Surge  Tank  Overboard 
Pump 

Sludge  Holding  Tank  Transfer 
Pump 

Discussion 

The  system  installation  does  not  appear  to  be  acceptable. 

There  is  insufficient  space  to  include  all  the  equipment  required 
especially  due  to  the  space  required  by  the  Grumman  MSD's  in  the  existing 
Sewage  Treatment  Space  on  the  Third  Deck. 


Two  (2) 
Two  (2) 

Two  (2) 

One  (1) 


■i  awj ; jX»  ;r-l  ;.<  -?*  g*  <-f# 


Vessel:  VIGOROUS  (210’) 


WMS  No.  6 


Full  Volume  Flush  Gravity  Collection/Holding  Tank  for 
Black  Water/Grumman  Flow  Through  System  with 
Sludge  Holding  Tank  for  Gray  Water 


G/T  Influent  Surge  Tank 
Sewage  Holding  Tank 
Sludge  Holding  Tank 
Optional  Combined  Sewage/ 
Sludge  Holding  Tank 

Grumman  Unit  without 
Incinerator 
Sewage  Holding  Tank 
Overboard  Pump 
Influent  Surge  Tank  Pump 
Influent  Surge  Tank  Transfer 
Pump 

Sludge  Holding  Tank  Transfer 
Pump 


Discussion 


Required 

922  gal.  (123  cu.  ft.) 
5,418  gal.  (724  cu.  ft.) 
1,290  gal.  (172  cu.  ft.) 

6,708  gal.  (897  cu.  ft.) 


Two  (2) 

Two  (2) 
Two  (2) 

One  (1) 

One  (1) 


The  system  installation  does  not  appear  to  be  acceptable. 

c *8  ^sufficient  space  available  in  the  existing  Sewage  Treatment 

°Vhe  ThlXd  °eCk  f°r  anythinS  other  than  a partial  capacity  Selage 
Holding  Tank  and  its  overboard/pierside  pumps. 
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Vessel:  VIGOROUS  (^10 ') 


WMS  No.  7 Full  Volume  Flush  Gravity  Collectlon/Grumman  Flow  Through 
‘System  with  Sludge  Incinerator  for  Black  Water/Holding 
Tank  for  Gray  Water 


Galley /Turbid  Holding  Tank 
Sewage  Influent  Surge  Tank 
Fuel  Oil  Day  Tank 

Grumman  Units  with  Incinerator 
Influent  Surge  Tank  Pump 
Influent  Surge  Tank  Overboard 
Pump 

Galley/Turbid  Holding  Tank 
Overboard  Pump 


Required 

i 

15,480  gal.  (2069  cu.  ft.) 

313  gal.  (42  cu.  ft.) 

25  gal.  (3.3  cu.  ft.) 

One  (1)  with  One  (1)  Thiokol 
One  (1) 

Two  (2) 

Two  (2) 


Discussion 


The  system  installation  does  not  appear  to  be  acceptable. 

There  is  insufficient  space  to  include  all  the  equipment  required, 
especially  due  to  the  space  required  by  the  Grumman  MSD  in  the  existing 
Sewage  Treatment  Space  on  the  Third  Deck. 


Vessel:  VIGOROUS  (210') 


WMS  No.  8 Full  Volume  Flush  Gravity  Collection/Grumman  Flow  Through 

System  with  Sludge  Incinerator  for  Combined 
Black  and  Gray  Waters 


Influent  Surge  Tank 
Fuel  Oil  Day  Tank 

Grumman  Units  with 
Incinerators 

Influent  Surge  Tank  Pump 
Influent  Surge  Tank  Overboard 
Pump 


Required 

1,235  gal.  (165  cu.  ft.) 

25  gal.  (3.3  cu.  ft.) 

Two  (2)  with 

Two  (2)  Thiokol  Incinerators 
Two  (2) 

Two  (2) 


Discussion 


The  system  installation  does  not  appear  to  be  acceptable. 

» 

There  is  insufficient  space  to  include  all  the  equipment  required, 
especially  due  to  the  space  required  by  the  Grumman  MSD's  with  their 
incinerators  in  the  existing  Sewage  Treatment  Space  on  the  Third  Deck. 


Vessel:  VIGOROUS  (210') 


WMS  No.  9 JERED  Reduced  Volume  Flush  Vacuum  Collection/Holding 
Tank  for  Concentrated  Black  Water/Holding  Tank 
for  Gray  Water 


Required 


Vacuum  Collection  Tank  Ass'y 
Sewage  Holding  Tank 
Galiey/Turbid  Holding  Tank 


250  gal.  (165  cu.  ft.) 
1,540  gal.  (206  cu.  ft.) 
15,480  gal.  (2069  cu.  ft.) 


Sanitary  Holding  Tank 

Overboard  Pump  Two  (2) 

Galley/Turbid  Holding 

Tank  Overboard  Pump  Two  (2) 


Discussion 


The  system  installation  appears  to  be  acceptable  subject  to  certain 
limitations. 


Re-use  of  existing  piping  arrangements  would  have  to  be  considered. 
A fresh  water  sanitary  flushing  system  would  be  required. 

Equipment  would  be  arranged  in  the  existing  Sewage  Treatment  Space 
on  the  Third  Deck  as  follows: 


(a)  Due  to  space  limitations  the  Sewage  Holding  Tank  would  be 
restricted  to  740  gallons  (99  cu.  ft.),  approximately  5’-6"  L x 3'  W x 6'  H, 
located  in  the  aft  end  of  the  compartment,  port  side. 

(b)  The  minimum  gray  water  holding  tank  discussed  in  System  No.  1 
would  be  located  at  the  forward  end  of  the  compartment,  port  side. 

(c)  The  vacuum  collection  tank  assembly  would  be  located  at  the 
forward  end  of  the  compartment,  starboard  side. 

(d)  The  various  overboard/pierside  discharge  pumps  would  be 
located  at  the  aft  end  of  the  compartment,  starboard  side. 


System  No.  9 (Cont'd) 


Drainage  would  be  as  follows: 

(a)  Sewage  from  all  spaces  would  be  collected  by  vacuum  In  the 
vacuum  collection  tank  assembly.  The  garbage  grinder  drains  would  require 
a special  vacuum  valve  similar  to  a urinal  discharge  rype  valve  to  permit 
proper  collection. 

(b)  Galley  and  Turbid  drains  would  gravitate  to  the  small  gray 
water  holding  tank  for  discharge  overboard  in  unrestricted  water  and  to 
the  Sewage  Holding  Tank  or  pierside  when  overboard  discharge  is  not 
permitted. 


Vessel:  VIGOROUS  (210') 


WMS  No.  10  JERED  Reduced  Volume  Flush  Vacuum  Collectlon/Incinerator 
for  Concentrated  Black  Water/Holding  Tank  for  Gray  Water 


Vacuum  Collection  Tank  Assembly 
Galley/Turbid  Holding  Tank 
Fuel  Oil  Day  Tank 

Incinerator 

Galley/Turbid  Holding  Tank 
Overboard  Pump 


Discussion 


Required 

250  gal.  (165  cu.  ft.) 
15,480  gal.  (2069  cu.  ft.) 
61  gal.  (8.2  cu,  ft.) 

One  (1)  Jered 

Two  (2) 


The  system  Installation  appears  to  be  acceptable  subject  to  certain 
limitations . 

Re-use  of  existing  piping  arrangements  would  have  to  be  considered. 

A fresh  water  sanitary  flushing  system  would  be  required. 

Equipment  would  be  arranged  in  the  existing  Sewage  Treatment  Space 
on  the  Third  Deck  as  follows: 

(a)  The  vacuum  collection  tank  assembly  would  be  fitted  at  the  aft  end 
of  the  compartment,  predominantly  to  port. 

(b)  The  incinerator,  blower  and  iuel  oil  day  tank  would  be  fitted  to 
starboard  of  the  vessel’s  centerline, 

(c)  The  vessel  does  not  have  a stack,  since  the  diesel  engine 
exhausts  run  aft  to  the  weather  via  the  transom  stern.  This  apparently  will 
offer  complications  as  to  if  and  how  die  incinerator  stack  can  be  satisfactorily 
led  to  the  weather.  The  vessel  will  have  to  be  carefully  checked  in  this  regard. 
Fire  fighting  protection  and  space  ventilation  will  also  have  to  be  checked  for 
adequacy. 

(d)  A minimum  gray  water  holding  tank  (approximate  2’-3"  L x 
l'-6"  W x 6'  H)  would  be  fitted  at  the  forward  end,  port  side. 
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Vessel:  VIGOROUS  (210') 
System  No.  10  (Cont'd) 


(e)  The  gray  water  holding  tank  pump  would  be  located  in  the 
forward  starboard  corner. 

Drainage  would  be  as  follows: 

(a)  Sewage  from  all  spaces  would  be  collected  by  vacuum  in  the 
vacuum  collection  tank  assembly.  The  garbage  grinder  drains  would  require 
a special  vacuum  valve  similar  to  a urinal  discharge  type  valve  to  permit 
proper  collection. 

(b)  Galley  and  Turbid  drains  would  gravitate  to  the  small  gray 
water  holding  tank  for  discharge  overboard  and  to  pierside. 
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Vessel:  VIGOROUS  (210') 


WMS  No.  11  JERED  Reduced  Volume  Flush  Vacuum  Collection/GATX 
Evaporator  for  Concentrated  Black  Water/Holding  Tank 
for  Gray  Water 


Required 

Vacuum  Collection  Tank  Assembly  250  gal,  (165  cu.  ft.) 

Galley/Turbid  Holding  Tank  15,480  gal.  (2069  cu.  ft.) 


Evaporator  (GATX) 
Catalytic  Oxidizer 
Galley/Turbid  Holding  Tank 
Overboard  Pump 

Discussion 


Three  (3)  -60  gal . 
Three  (3) 

Two  (2) 


The  system  installation  does  not  appear  to  be  acceptable. 

There  is  insufficient  space  to  include  all  the  equipment  required, 
especially  due  to  the  space  required  to  fit  all  the  evaporators  and  their  piping 
In  the  existing  Sewage  Treatment  Space  on  the  Third  Deck. 


Vessel:  VIGOROUS  (210') 


WMS  No.  12  JERED  Reduced  Volume  Flush  Vacuum  Collection/Holding 
Tank  for  Concentrated  Black  Water/Grumman  Flow 


Through  System  with  Sludge  Holding  Tank  for  Gray  Water 

Required 

G/T  Influent  Surge  Tank 

922  gal.  (123  cu.  ft.) 

Sludge  Holding 

1,290  gal.  (172  cu,  ft.) 

Vacuum  Collection  Tank  Assembly 

250  gal.  (165  cu.  ft.) 

Sewage  Holding  Tank 

1,540  gal.  (206  cu,  ft.) 

Grumman  Unit  without  Incinerator 

Two  (2) 

Influent  Surge  Tank  Pump 

Two  (2) 

Sewage  Holding  Tank  Overboard 

Pump 

Two  (2) 

Sludge  Holding  Tank  Transfer 

Pump 

One  (1) 

Discussion 


The  system  installation  does  not  appear  to  be  acceptable. 

There  is  insufficient  space  to  include  all  the  equipment  required, 
especially  due  to  the  space  required  by  the  vacuum  collection  assembly  plus 
the  Grumman  installations,  all  in  the  existing  Sewage  Treatment  Space  on 
the  Third  Deck. 
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Vessel:  VIGOROUS  (210') 


WMS  No.  13  JERED  Reduced  Volume  Plush  Vacuum  Collection/Grumman 
Flow  Through  System  for  Gray  Water/Incinerator  for  both 
Concentrated  Black  Water  and  Gray  Water  Sludge 


Galley/Turbid  Influent  Surge  Tank 
Vacuum  Collection  Tank  assembly 
Fuel  Oil  Day  Tank 

Grumman  Unit  with 
Incinerators 
Vacuum  Collection  Tank 
Transfer  Pumps 
Influenc  Surge  Tank  Pumps 
G/T  Holding  Tank  Overboard 
Pump 


Required 

922  gal.  (123  cu.  ft.) 
250  gal.  (165  cu.  ft.) 
112  gal.  (15  cu.  ft.) 

Two  (2)  with  Three  (3) 
Thiokol  Incinerators 

Three  (3) 

Two  (2) 

Two  (2) 


Discussion 


The  system  installation  does  not  appear  to  be  acceptable. 

There  is  insufficient  space  to  include  all  the  equipment  required, 
expecially  due  to  the  space  required  by  the  vacuum  collection  assembly  plus 
the  Grumman  installations  with  multiple  incinerators,  ail  in  the  existing 
Sewage  Treatment  Space  on  the  Third  Deck. 


Vessel:  VIGOROUS  (210') 


WMS  No.  14  GATX  Reduced  Volume  Flush  M/T  Pump  Collection/Holding 
Tank  for  Concentrated  Black  Water/Holding  Tank 
for  Gray  Water 


Required 

Sewage  Holding  Tank  1,742  gal.  (233  cu.  ft.) 

Galley/Turbid  Holding  Tank  15,480  gal.  (2069  cu.  ft.) 

Sewage  Holding  Tank 

Overboard  Pump  Two  (2) 

G/T  Holding  Tank 

Overboard  Pump  Two  (2) 

Macerator/Transfer  Pump  To  be  shlpchecked 

Discussion 


The  system  installation  appears  to  be  acceptable  subject  to  certain 
limitations . 

A fresh  water  sanitary  flushing  system  would  be  required. 

The  system  is  similar  to  System  No.  1 except  that  sewage  collection 
tor  this  system  is  by  macerator/transfer  pumps  instead  of  gravity. 

The  Sewage  Holding  Tank  required  capacity  can  apparently  be  met  in 
a tank  approximately  6'Lx8’Wx6'H. 

The  equipment  arrangement  would  be  as  indicated  for  System  No,  1. 


Vessel: 


VIGOROUS  (210') 


WMS  No.  15  GATX  Reduced  Volume  Flush  M/T  Pump  Collection/Incinerator 
for  Concentrated  Black  Water/Holding  Tank  for  Gray  Water 


Incinerator  Feed  Tank 
Galley/Turbid  Holding  Tank 
Fuel  Oil  Day  Tank 

Incinerator 

Incinerator  Feed  Piunp 
Incinerator  Feed  Tank 
Overboard  Pump 
G/T  Holding  Tank  Overboard 
Pump 

Macerator/Transfer  Pump 
Discussion 


Required 

125  gal.  (17  cu.  ft.) 
15,480  gal.  (2069  cu.  ft.) 
61  gal.  (8.2  cu.  ft.) 

One  (1)  Jered 
One  (1) 

One  (1) 


Two  (2) 

To  be  shipchecded 


The  3ystcm  installation  appears  to  be  acceptable  subject  to  certain 
limitations . 

A fresh  water  sanitary  flushing  system  would  be  required. 

Equipment  would  be  arranged  in  the  existing  Sewage  Treatment 
Space  on  the  Third  Deck  as  follows: 

(a)  The  incinerator  feed  tank  (approximately  2'  L x 2'  W x 4' -6"  H) 
would  be  located  on  the  port  side,  aft. 

(b)  The  Incinerator,  blower,  feed  pump  and  fuel  oil  day  tank  would  be 
located  on  the  starboard  side. 

As  far  as  an  incinerator  stack  is  concerned,  see  System  No.  10  for 
the  problem  of  finding  a suitable  run  to  the  weather. 

Fire  fighting  protection  and  space  ventilation  will  also  have  to  be 
checked  for  adequacy. 
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Vessel:  VIGOROUS  (210') 

System  No.  15  (Cont'd) 


(c)  Due  to  lack  of  more  space,  the  galley/turbid  holding  tank  would 
be  restricted  to  538  gallons  (72  cu.  ft,),  approximately  4'Lx3'Wx6'H.  It 
would  be  located  on  the  port  side,  forward. 

(d)  The  pumps  associated  with  the  equipment  would  be  located  along 
the  vessel's  centerline. 

Drainage  would  be  as  follows: 

(a)  All  sewage  would  be  collected  by  macerator/transfer  pumps 
and  discharged  to  the  incinerator  feed  tank.  Pumps  would  either  feed  it  to 
the  incinerator  or  discharge  it  overboard  or  plerside  according  to  prevailing 
restrictions . 

(b)  Galley/turbid  water  would  gravitate  to  the  G/T  holding  tank 
from  which  it  would  be  pumped  either  overboard  or  to  pierside. 
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Vessel:  VIGOROUS  (210') 
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WMS  No.  16  GATX  Reduced  Volume  Flush  M/T  Pump  Collection/GATX 
Evaporator  for  Concentrated  Black  Water/Holding  Tank 
for  Gray  Water 


Required 

Galley/Turbid  Holding  Tank  15,480  gal,  (2069  cu.  ft.) 

Evaporator  Feed  Tank  125  gal.  (16,7  cu.  ft.) 


Evaporator  (GATX)  Three  (3)  - 60  gal. 

Catalytic  Oxidizer  Three  (3) 

Evaporator  Feed  Pump  Two  (2) 

Evaporator  Feed  Tank  Overboard 

Pump  One  (1) 

G/T  Holding  Tank  Overboard 

Pump  Two  (2) 

Maceracor /Transfer  Pump  Tb  be  Shlpchecked 


Discussion 


The  system  installation  appears  to  be  acceptable  subject  to  certain 
limitations . 

Equipment  could  be  located  in  the  existing  Sewage  Treatment  Space  on 
the  Third  Deck.  The  installation  will  be  a little  on  the  tight  side  depending  on 
how  the  final  piping  arrangement  is  installed,  since  a number  of  components 
would  have  to  be  fitted  on  this  rather  small  space. 

A fresh  water  sanitary  flushing  system  would  be  required. 

Equipment  could  be  arranged  as  follows: 

(a)  The  evaporator  feed  tank  (approximately  2*  L x 2'  W x 4'-3"  H) 
would  be  on  the  port  side,  aft. 

(b)  The  evaporators  and  their  vapor  treatment  equipment  would 

be  located  one  on  the  vessel's  centerline  forward  and  two  on  the  starboard  side. 
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Vessel:  VIGOROUS  (210') 
System  No.  16  (Cont’d) 


(c)  The  minimum  gray  water  holding  tank  di< . jssed  In  System 
No.  1 would  be  located  on  the  port  side,  just  forward  of  the  evaporator  feed 
tank. 


(d)  The  evaporator  feed  pumps  and  the  various  overboard  discharge 
pumps  would  be  arranged  functionally  near  the  equipment  served. 

Drainage  would  be  as  follows: 

(a)  All  sewage  would  be  collected  by  macerator/transfer  pumps  and 
discharged  to  the  evaporator  feed  tank. 

(b)  Sewage  would  be  pumped  either  to  the  evaporators  or  to  overboard 
or  pierside  connections  depending  on  prevailing  restrictions . 

(c)  Sludge  from  the  evaporators  would  be  pumped  overboard. 

(d)  Galley  and  turbid  water  would  gravitate  to  the  minimum  gray 
water  holding  tank  for  discharge  either  overboard  or  to  pierside  connections, 
depending  on  restrictions . 
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Vessel:  VIGOROUS  (210') 


WMS  No.  17  GATX  Reduced  Volume  Flush  M/T  Pump  Collection/Holding 
Tank  for  Concentrated  Black  Water/Grumman  Flow 
Through  System  with  Sludge  Holding  Tank  for  Gray  Water 


Required 

Sewage  Holding  Tank 

Galley/Turbid  Influent  Surge  Tank 

Sludge  Holding  Tank 

1,742  gal.  (233  cu.  ft.) 

922  gal,  (123  cu.  ft.) 
1,290  gal.  (172  cu.  ft.) 

Grumman  Unit  without  Incinerator 

Sewage  Holding  Tank  Overboard  Pump 
G/T  Influent  Surge  Tank  Pump 

G/T  Influent  Surge  Tank  Transfer  Pump 
Sludge  Holding  Tank  Transfer  Pump 
Macerator/Transfer  Pump 

Two  (2) 

Two  (2) 

Two  (2) 

One  (1) 

Two  (2) 

To  be  shlpchecked 

Discussion 


The  system  installation  does  not  appear  to  be  acceptable. 

There  is  insufficient  space  to  include  all  the  equipment  required, 
especially  due  to  the  space  required  by  the  Sewage  Holding  Tank  and  the 
Grumman  MSD's  in  the  existing  Sewage  Treatment  Space  on  the  Third  Deck. 
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Vessel:  VIGOROUS  (210') 
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WMS  No.  18  GATX  Reduced  Volume  Flush  M/T  Pump  Collection/Grumman 
Flow  Through  System  for  Gray  Water/Incincerator  for  both 
Concentrated  Black  Water  and  Gray  Water  Sludge 


Sewage  Surge  Tank 
Galley/Turbid  Surge  Tank 
Fuel  Oil  Day  Tank 

Grumman  Unit  with 
Incinerators 
Sewage  Surge  Tank 
Transfer  Pump 
Sewage  Surge  Tank 
Overboard  Pump 
G/T  Surge  Tank  Pump 
G/T  Surge  Tank 
Overboard  Pump 
Macerator /Transfer  Pump 


Required 


122  gal.  (16  cu.  ft.) 
922  gal.  (123  cu.  ft.) 
112  gal.  (15  cu.  ft.) 


Two  (2)  with  Three  (3) 
Thiokol  Incinerators 


Three  (3) 

One  (1) 

Two  (2) 

One  (1) 

To  be  shipchecked 


Discuaalon 

The  system  Installation  does  not  appear  to  be  acceptable. 

There  is  insufficient  space  to  include  all  the  equipment  required, 
especially  due  to  the  sizes  of  the  Grumman  MSD’s  in  the  existing  Sewage 
Treatment  Space  on  the  Third  Deck. 
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